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Spin polarization and spin alignment in hypernuclei
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Spin polarization and spin alignment of angular momenta in hypernuclei are discussed in terms
of a distorted wave Born approximation. Hypernuclei produced by (m+, K+) and (K,~ ) reac-
tions are shown to have sizable amounts of polarization and alignment. They are promising for
use in spectroscopic studies of electromagnetic transitions, electromagnetic moments, and weak
decays of hypernuclear states.

I. INTRODUCTION

Strangeness exchange (K,tr ) and (~+,K+) reac-
tions have been used to produce hypernuclear states. '

Recently gamma decays and weak decays have been
studied by measuring the decay particles from hypernu-
clear states produced by the (K,m. ) reaction.
Spectroscopic studies of angular correlations are very
important for further steps of the hypernuclear physics.
Spin polarization and/or spin alignment are essential for
such spectroscopic studies. ' In particular, angular dis-
tributions of weak decay particles from polarized hyper-
nuclei are used to study the weak decay mechanism and
electromagnetic moments. The present work aims to re-
port possible spin polarization and spin alignment in hy-
pernuclear states produced by (tt+, K+) and (K, tr )

reactions. A brief report on the polarization and the
alignment in hypernuclei has been presented elsewhere.

The angular momentum polarization of the hypernu-
clear state is produced in two ways. One is due to the
distortions (absorptions) of the initial (projectile) wave
and the final (ejectile) one, and the other is due to the
spin dependent elementary process of the strangeness ex-
change reaction. The K, a, and ~+ involved in the
(K,m. ) and (sr+, K+) reactions are strongly absorbed
in nuclei with mean free paths around
X(vr —

) =A, ( K ) =2 fm, while the K+ is moderately ab-
sorbed with A.(K+)=4 fm. ' Such absorptions give
rise to the polarization of the orbital angular momenta
introduced by the (K, tr ) and (~+,K+ ) reactions.
The elementary process of the (K, tr ) reaction at
P(K )=0.6—0.8 GeV/c produces little spin polariza-
tion of the hyperon. ' ' while that of the (tt+, K+) one
at P(tr+ ) = 1 GeV/c produces a well-polarized hype-
ron. ' ' Therefore, the polarization for hypernuclear
states produced by the (K, tr ) reaction is due to the
polarization of the transferred orbital angular momen-
tum, while that in the case of the (sr+, K+) reaction is

composed of both the polarization of the orbital angular
momentum and that of the intrinsic hyperon spin.

The angular momentum transferred to the hypernu-
clear state is aligned in a plane perpendicular to the
recoil (transferred momentum) axis, preferentially along
the axis normal to the reaction plane in the (sr+, K+)
case.

General expressions for the transition amplitude of the
reaction and for the orientation of the angular momen-
tum are given in Sec. II. In Sec. III we describe polar-
ization of the orbital angular momentum in hypernuclei
in terms of a distorted wave Born approximation
(DWBA). They are compared with evaluations based on
a classical model and an eikonal approximation in Sec.
IV. Overall polarizations and alignments, including the
polarization of the intrinsic A spin in the elementary
process, are discussed in Sec. V, and concluding remarks
are given in Sec. VI.

Tfj ——(21+ l)' Atpi~ (kb, k, ), (2)

where l and m are the transferred orbital angular
momentum and its projection to the z axis, respectively.

II. PROBABILITY OF ORBITAL
ANGULAR MOMENTUM ORIENTATION

The transition amplitude of the reaction A (a, b)B is
given by

Tf —(kb, JaMa, Sqmb '
l

l
l

k J&M&,S,m, )

=st;(2J + l) '"Wt;(JAJ'MAMa —M~
l JaMa)

pi) " '(kb k ). (l)

Here we use the same notations for the spins and the re-
duced amplitude as used by Satchler. For our
(sr+, K+) and (K,m. ) reactions on the zero-spin target
nucleus, the above expression takes the following simple
form,
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In the conventional DWBA frame (0' frame), the am-
plitude is described by taking the z axis along the in-
cident momentum k, . The scattering plane is the z'x'
plane with the y' axis parallel to k, Xkb. On the one
hand, the polarization frame (0 frame) is defined as the z
axis parallel to k, )&kb with the x axis along k, . Hence,
the two reduced amplitudes P& (9) of the 0' frame and

PI (0) of the 0 frame are related through the rotation
matrix '

Pi (9)=X D' (a,P, y )Pi (0), (3)

with the Euler angles a=0, 13=sr/2, and y=a. /2. In
Eq. (3},0 is the scattering angle.

The vector polarization of the transferred orbital an-
gular momentum is defined as

Tr(l~'To'To+ )
Py (0)=

1Tr(To To )

in the DWBA (0') frame, and

Tr( 1,To To+ )
P, (0)=

1Tr(T Too}

(4)

X m
~
P( (9).

~

X mPm(0)
P, (9)=

lX ~f31 (0)~
(7)

where P (0} is referred to the m-substate population
probability in the 0 frame.

In case that P (9) is constant with respect to m, the
orbital angular momentum is distributed isotropically,
and thus has no particular orientation (polarization).
The finite polarization is realized if the substate distribu-
tion is asymmetric as P (0)&P (0). The case where
P (0) is not constant (not isotropic) but is symmetric as
P (0)=P (0) is referred to as the alignment of the
angular momentum. The case with P (0)=P (9)
=5

& —,
' corresponds to the maximum positive align-

ment.

III. DWBA CALCULATION

Polarization of orbital angular momenta in hypernu-
clei produced by (m+, K+) and (K,~ ) reactions are

in the polarization (0) frame. In the above expressions,
l~ (1, ) is the orbital-angular-momentum operator along
the y' (z) axis in the 0' (0) frame, which is perpendicular
to the z'x' (xy) scattering plane, and To (To) is the
transition matrix in the 0 (0) -frame representation. The
former definition of polarization is the so-called Madison
convention, and the latter definition is useful to make
an intuitive description of the angular-momentum-
orientation phenomena, as will be frequently used in this
artic1e.

Using the reduced amplitudes, the polarization can be
expressed as follows

.[(1—m')(1 +m '+ 1)]' 1m[13~ (0)/3~" + ~(9)]
Py.(0)=

1X ~13I (0}~

(6)

calculated by using the DWBA. Transition amplitudes
are evaluated by using the following assumptions and pa-
rameters:

(i) A 5(r)-type spin-independent interaction is used for
the conversion interaction of neutron to A particle.

(ii) Projectiles and ejectiles are described by the dis-
torted waves with absorption. The absorption strengths
for ~ and K are determined from ~N and KN total
cross sections, respectively. "

(iii) The bound state wave functions of n and A are ob-
tained by using a Woods-Saxon potential.

(iv) The relativistic eff'ect is taken into account for the
distorted waves by using the energy dependent
Schrodinger equation derived from the Klein-Gordon
(KG) equation.

Calculations were made for the following two typical
cases:

(1) [(lf~)„'(ld—')A] state in AFe populated by the
Fe( m+, K+ ) reaction at P (n+ ) = 1.05 GeV/c.
(2) [(lf—', )„'(ld—', )z]& state in &Fe populated by the

Fe(K, n. ) reaction at P(K )=0.72 GeV/c. These
momenta are often used to excite A hypernuclei because
of large cross sections for the n~A conversion. Then
the (sr+, K+ ) reaction is characterized by the large
momentum transfer of q =0.35 GeV/c and thus the
large angular momentum transfer of around lR-3 —10 A,
while the (K,~ ) by the small one of q 50.05 GeV/c
and lh'5 IA.

The assumption of the spin-independent interaction is
approximately valid for the (K,7r ) reaction with al-
most no spin-fiip process. ' '' In the (n+, K+) reaction
with a large A-spin polarization the spin-Hip pro-
cess' ' has to be added to the calculated orientation of
the orbital angular momentum (see Sec. V), but may not
be important for the present calculation of the polariza-
tion of the orbital angular momentum.

The [( 1f ', )„'(ld—,')z]5 stat—e is expected to be strong-

ly populated by the Fe(sr+, K+ )A Fe reaction at
P (m+ ) = 1.05 GeV/c because of the best matching
transferred l = 5 and of the large radial-overlap in-
tegral. Imaginary potential strengths are obtained
from the total cross sections of (o, ) =41 mb and
( o, )K ——14 mb for the m+ and K+ mesons, respectively.
Calculated angular distributions for the diff'erential cross
section do /dA and the polarization P(0) are shown in
Fig. 1(a). In order to see the polarization mechanism the
calculated distributions are decomposed into the near-
side (N) and far-side (F) reaction processes, as shown
in Fig. 2. Calculations show clearly the large positive
P (0) for the far-side process, the large negative P (0) for
the near-side process, the large excess of der (0)/dQ for
the near-side process over do (0)/dII for the far-side
one, and finally the moderate amount of the overall
P(0) The large po.larization of around P(9)= —0.3 to
—0.4 are obtained at 0=20' —30'.

The (K,w ) reaction at P (K ) =0.72 GeV/c favors
low angular momentum transfer. The total cross sec-
tions used to extract the imaginary potential strengths
are (cr, )„=(o., )~=30 mb. Calculated der(0)/dQ and
P(0) for the [( 1f ', )„'(ld—', )A], state populat—ed by the
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FICx. l. (a) DWBA calculation for the ' Fe(sr+, K+)A Fe reaction at P(m. )=+1.05 CxeV/c, leading to the [(lf,')„'(ld —')A], —

state. Top: Differential cross-sections. Bottom: Polarization of the orbital angular momentum. Dashed lines with 1V and dotted
lines with F are the near-side and far-side contributions, respectively, and solid lines with T are for the coherent sum of these con-
tributions. (b) DWBA calculation for the ' Fe(K, vr ) reaction leading to the [(lf—,')„'(Id& )~], state at P(K )=0.72 GeV/c.
See caption for (a). The scattering angles L9 (in deg) are given on the horizontal axis.

5 Fe(K, vr )~Fe reaction are shown in Fig. 1(b). They
are quite different from those for the (m+, K+) reaction.
The far-side and near-side processes have positive and
negative polarizations, respectively, but their absolute
values are small. The cross sections for the near-side
and the far-side processes, however, are nearly the same.
Therefore the overall polarization must be influenced by
the interference between the near-side and far-side am-
plitudes. The overall polarization is positive, and is
rather small, 10 Jo at forward angles.

IV. CLASSICAL MODEL
AND EIKONAL APPROXIMATION

It is interesting to evaluate the polarization in terms
of a schematic classical model in order to get an intui-
tive view. In the classical model the interaction region
contributing to the positive polarization and that to the
negative one are divided by a line along the transferred
momentum q, as shown in Fig. 2. Then the polarization
depends on which contribution is larger than the other.
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(a) (7r', K+) P(vr') =1.05GeV/c (b) (K, 7r ) P(K )=0,6GeV/c
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FIG. 2. Schematic reaction diagrams for the polarization mechanism of A hypernuclear production. 0 and indicate the up-
ward and downward polarizations, respectively. N and F denote the near-side and the far-side reactions, respectively. A, B, C, and
D stand for the effective interaction points. q is the transferred momentum. + and —stand for the interaction regions contribut-
ing to the positive and negative polarizations, respectively. (a) (~+,K+) reaction with a large momentum transfer q. P„and P&
are momenta of the neutron and the A hyperon in the n~A process, respectively, and r is the effective interaction radius. (b)
(K,m ) reaction with a small momentum transfer. For both (a) and (b), P~ for A in s state with l~ =r~P~=O are drawn.
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In the case of the (sr+, K+) reaction with the large lon-
gitudinal q, the division coincides nearly with the
division of the near-side and far-side reactions. Since the
near-side contribution is less attenuated than the far-side
one because of the shorter path length, the near-side
contribution and, accordingly, the negative polarization
become larger than the other. The polarization of the
orbital angular momentum is evaluated in terms of the
schematic classical model as described in detail in the
Appendix. The classical model calculation agrees well
with the DWBA calculation as shown in Fig. 3.

In the case of the (K, rr ) reaction with the small
transversal q, the positive polarization region is the
upstream (projectile-side) region rather than the far-side

region, and similarly the negative polarization region is
the downstream (ejectile-side) region. Consequently the
polarization depends on the attenuation (absorption) of
the projectile relative to that of the ejectile. Actually the
polarization is shifted towards negative by setting the
mean free path A, z ——oo (no projectile attenuation) and
towards positive by setting A. = 0o (no ejectile attenua-
tion).

Since major distortion potentials for ~ and K mesons
are the imaginary (absorption) potentials W(vr) and
W(K), the polarization can be evaluated by employing
the distorted-wave impulse approximation (DWIA) to-
gether with the eikonal approximation for the meson dis-
torted waves. The calculation for the (n+, K+ ) reaction
at P(~ +)=1.05 GeV/c gives negative polarization, con-
sistent with the DWBA calculations and the classical
model. The case of the (K,a ) reaction, however, is
quite delicate, being sensitive to the relative absorption
strength of the projectile and ejectile. Polarizations of
the [( Ip —', )„'(Is—,

' )z], state produced by the
' C(K, rr ) reaction at P(K )=0.72 GeV/c are calcu-
lated by the DWIA with the eikonal approximation for
various imaginary (absorption) potential parameters W.
The polarization is found to depend strongly on the rela-
tive strengths of the W(K ) and W(n ). The polariza-
tion is negative for W(K ) & W(n ) and increases as
the ratio W(K )/W(~ ) increases. These features are
just in accord with the classical model as discussed
above.

V. DISCUSSION

FIG. 3. Polarization of the orbital angular momentum for
the [(1f2

)„'(1d
2 )A] state produced by the ' Fe(m+, K+ )A'Fe

reaction at P(m. +)=1.05 GeV/c. The solid line C and dashed
line D are the classical model and DWBA calculations, respec-
tively.

So far, orientation of the transferred orbital angular
momenta l introduced by momentum transfers in
(rr+, K+) and (K,m ) reactions have been discussed.
In order to evaluate orientation of total angular momen-
ta, one has to take into account polarization of the in-
trinsic A spin sz and coupling of sz to lz.
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FIG. 4. Schematic diagram of polarization of hypernuclei
produced by (7r+, K+) and (K,7r ) reactions, in which a neu-

tron with j„ is converted to a A hyperon with j&.
Configuration of the orbital angular rgomenturn and the intrin-
sic nucleon (A) spin in the hypernucleus is given at the bottom,
in which j „' and jz stand for angular momenta of the neutron
and the A in the hypernuclear state, respectively, and J stands
for the total angular momentum and the parity. See also cap-
tions in Fig. 2.

The elementary (nucleon) process of n +p~ K +A

is experimentally known to give a large positive polariza-
tion of the A spin at P„=1 GeV/c. ' ' Thus the con-
jugate process of n(m. +,K+ )A must give also large polar-
ization of A with positive sign at that incident momen-
tum, where the (m. +,K+) reaction is used for producing
A hypernuclei. The X hyperon is also polarized at that
incident momentum. ' ' As shown in Fig. 4, the A
spin is polarized along the direction of P XPz (quanti-
zation axis z) with the polarization PA=0. 5 —0.8. We
discuss first a simple case of the odd 3 target nucleus
with an odd neutron in the j„=l„+—,

' orbit. Since the
(~+,K+ ) reaction gives a large angular momentum
transfer l with I=+l, the neutron with l„and its z
component of m„=+l„ is likely to be converted to the
A with lz ——l —l„and mz ——+lz, where the upper and
lower signs of mz correspond to the transferred com-
ponent of m = —l (near side) and m = +l (far side), re-
spectively. Consequently the (n.+,K+) reaction gives

jz ——l~ ——,
' in the case of the near-side process, and

j& ——l & + —,
' in the case of the far-side process, both with

the intrinsic A spin upward. If they are particle-bound
excited states, electric y transitions finally feed the
ground state with the A in the s orbit. Then the intrin-
sic A spin remains upward. In case of the (p —,

' )„~(s—,
'

)A

in the Be(n.+,K+) reaction, as shown in Fig. 4(a), both
the near-side and far-side processes lead to the ground
state with the intrinsic A spin upward.

The polarization of the [(lf,')„'(is—,')z]z —state pro-
duced by the Fe(~+, K+ ) reaction is shown in Fig.
4(b). The near-side reaction leads to the downward spin
3 state with [j„',jA]3, while the far-side one leads to
the upward spin 4 state with [j„',jz]4, where j'„ is the

total spin of the last uncoupled neutron in the hypernu-

cleus. Both leave the A with the upward intrinsic spin.
The negative polarization due to the favorable (less-
absorptive) near-side reaction means that the population
of 3 is larger than that of 4 . In the lower excitation
region of AFe there are states [j„'(2p—', )j~(ls—,')]J with

J =2 and 1 . Thus the 4 and 3 states decay by E2
y transitions to the 2 and 1 states, respectively.
Thereby the A spin is not affected much. One of the 2
and 1 states lies higher than the other. Thus, it decays
by M1 transition, which induces some depolarization.
Thus the polarization of the intrinsic A spin in the
ground state may be reduced by a factor of about —,

' from
that in the 3 or 4 state.

Polarizations of high spin states with the
[(lf,')„ '(ld —,')—~]6 and the [(lf,')„ '(ld ,'—)A] —con-

figurations in ~ Fe populated by the (m. +,K+) reaction
are shown in Fig. 4(c). The near-side and the far-side re-
actions feed 5 and 6 states, respectively. Here the 5
state with the negative polarization is favored. These 5
and 6 states are below the threshold energy of the A
emission, but well above the threshold energy of the neu-
tron emission. Then the A deexcites to lower A orbits
while neutrons are excited to higher levels through A-n
interactions (collisions) in A Fe, and the hypernucleus de-
cays by emitting one neutron to &Fe. If the nucleon-
spin A-spin interaction is small, the A-spin polarization
is still maintained after the nucleon emission, and one
gets the ground state in A Fe with the intrinsic A spin
polarized upward, provided that electric y transitions in

z Fe are dominant.
The elementary process of the (K,n. ) reaction at

around PK ——0.7 GeV/c is found to give little spin polar-
ization. ' ' We consider the [( lp —,

' )„'(ls —,
'

)A], state

populated by the ' C(K, m ) reaction [Fig. 4(d)]. Since
the (K,m. ) elementary process is mainly of non-spin-
flip, the natural parity state of J = 1 is preferentially
excited in both the near-side and far-side reactions.
Then the positive polarization of the orbital angular
momentum indicates the positive polarization of the
neutron spin and the negative one of the A spin.

Angular momentum in hyper nuclei introduced by
momentum transfer of the (m. +,K+) or (K,m. ) reac-
tion is aligned in a plane perpendicular to the
transferred momentum, preferentially along the axis nor-
mal to the reaction plane. In fact, the DWBA calcula-
tion for the Fe(n. +,K+) reaction indicates the large
polarization for both the near-side and far-side reactions
(see Fig. 1). The alignment may be disturbed in princi-
ple by particle or y deexcitation if the hypernuclear state
is an unbound or excited state. The alignment, however,
is fairly we11 preserved even after such deexcitation, par-
ticularly in case of the (m. +,K+) reaction with large l.
This is because the angular momentum removed by each
particle or y ray is much smaller than l, as the align-
ment of compound nuclei is well preserved even after
evaporation of particles and emission of y rays.

VI. CONCLUDING REMARKS

This paper reports possible polarization and alignment
of orbital angular momenta in hypernuclei. The DWBA
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calculation predicts a large negative polarization of
P(0)= —0.2 to —0.4 for orbital angular momenta of
hypernuclear states produced by the (sr+, K+) reaction
at P(sr+ ) = 1.05 GeV/c. The polarization is semiquanti-
tatively reproduced by the classical model calculation, in
which absorption of both the projectile and the ejectile
along their trajectories is taken into account. This is
due to facts that the imaginary part dominates distorting
potentials for both the projectile and the ejectile and
that the linear and angular-momentum transfers are
quite large. Similar arguments have been applied for
evaluating analyzing powers of (p,m) reactions.

The DWBA calculation for hypernuclear states pro-
duced by the (K,~ ) reaction at PK ——0.72 GeV/c pre-
dicts small positive polarization of P(0)=0. 1. Here the
linear- and angular-momentum transfers are quite small
and contributions from various geometrical reaction
points (see Fig. 2) cancel out with each other, resulting
in rather small polarization. Then the polarization is
influenced by the interference between the amplitudes of
the near-side and far-side reactions. In the (K,m. ) re-
action with the transverse momentum transfer, relative
contributions of the upstream and downstream reactions
are important. Thus, the sign of the overall polarization
may depend also on the relative absorption strength of
the projectile and the ejectile.

Since the elementary process of m++n~K++ A

gives a large polarization of the intrinsic A spin, the po-
larization of the orbital angular momentum in the
(m. +,K+) reaction is coupled with the polarization of the
intrinsic A spin. Proper choice of the jz ——lz+ —,

' and/or
total J leads to well-polarized jz, J, and sz.

Angular momenta of hypernuclei are aligned in a
plane perpendicular to the transferred momentum. The
large positive and negative polarizations for the far-side
and near-side reactions, respectively, indicate the large
alignment along the direction normal to the reaction
plane.

Polarization and alignment of excited (unbound) hy-
pernuclear states may be preserved to some extent even
through y (or particle) deexcitation process.

Polarization and alignment of hypernuclear states,
which are crucial for angular distribution studies of y
rays and weak decay particles, are used for investigating
electromagnetic transitions, the electromagnetic mo-
ment and weak decay mechanisms.

The authors thank Prof. H. Toki, Prof. T. Motoba,
and Dr. H. Ohsumi for valuable discussions.

APPENDIX: A CLASSICAL MODEL

It is interesting to evaluate the polarization of orbital
angular momenta in hypernuclei produced by (~+,K+ )

I

and (K,~ ) reaction in a classical model. Let us first
discuss the (m. +,K+) reaction [Fig. 2(a)].

The K+ momentum pK and the momentum transfer q
are given as q=p —p& ——pz —p„, where p„and pA are
the momentum of the neutron and that of the A, respec-
tively. The angular momentum transfer is written as
lirt=lAA' —I„R=rXq, where r is the eff'ective interaction
point from the center of the nucleus. The effective ra-
dius is evaluated as the radius where the initial state g„
and the final one gA overlap well. There are four
effective interaction points 3, B, C, and D, as shown in
Fig. 2(a), which satisfy matching conditions of both the
momentum and the angular momentum for the given
transition of l„~lz and the given scattering angle 0.
Here reactions are assumed to take place in the equatori-
al plane (see Fig. 2), where angular momenta involved
are simply m =+l, mK ——+lK, and m =+I by taking
the quantization axis (z axis) normal to the reaction
plane. These angular mom enta compose a stretched
configuration of l„=lK+l, leading to the best l-matched
reaction. Reactions at the nonequatorial plane introduce
nonstretched coupling of 1„, lK, and I, resulting neces-
sarily in decrease of the reaction amplitude by the cou-
pling coefficient. Furthermore, l„and 1K in the non-
stretched coupling for given l deviate from the optimum
values. The transition amplitudes are decomposed into
near-side (N) and far-side (F) contributions. Then A

and B belong to the far-side scattering, and C and D to
the near-side scattering. Defining the direction of the
polarization vector as in Sec. II, 2 and B give positive
polarization of I and C and D negative polarization.

The polarization is expressed as

o (0)P (0)+ (0)P (0)
(0)+ (0)

(A 1)

where cr (0) and o (0) are cross sections for the near-
side and far-side reactions, respectively, and P (0) and
P (0) are the corresponding polarizations. The interfer-
ence arising from the quantum effect is not taken into
account in Eq. (Al). By using o'(0) for the contribution
from the point i = A, B, C, and D, one can write
cr (0)=cT (0)+cr (0) and o (0)=cr "(0)+cr (0). As
shown in Fig. 2(a), one may set P (0)= P(0)= 1 in-
the equatorial plane. Actually the contribution from the
nonequatorial plane decreases much as discussed above.
Thus, P (0) and P(0) may not —deviate much from l.
The cross section is assumed to be proportional to the
attenuation factor exp( —t K llz —t '„Ik„), where t K and
t' are the path lengths of K and n in the nuclear matter
for the point i, respectively. Thus, the polarization is
rewritten as

RF~(0)—1
P(0)=

RF~(0)+ 1

crF(0) exP( —t" IA,„tie/A. &)+ exP( t —IA, tie/AK)— —
RFN(0)

o (0) exp( —t IA, —tie/Aic)+ exp( —t IA. —tK /Aic)

(A2)

(A3)
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The path lengths for the near-side reaction (C and D in

Fig. 2) become shorter than the corresponding ones for
the far-side reactions (2 and B), i.e. , tK &t~, t~ &tK,
t „&t K, and t K ~ t, as the outgoing particle bends more
towards the near side. Thus, the near-side reaction is
less attenuated by the absorption than the far-side one.
Consequently, one gets RF~(8) & 1 and the negative po-
larization P(8) &0. Since A.K for K is almost twice A,

for ~+, the polarization is somewhat weakened.
The polarization for the Fe(m+, K+)&Fe reaction is

evaluated by using the Eq. (A2). The transition con-
sidered is (lf)„~(ld)A. It has a large overlap between
g„and Pz. The eff'ective interaction radius is evaluated
as r =4 fm from the overlap of g„and f~. The meson
momenta are P =1.05 GeV/c and PK=0. 72 GeV/c,
with A, =2 fm and A, K

——4.7 fm, respectively. ' The
momentum transfer is q =0.35 —0.5 GeV/c at
0=0 —30', and corresponding l=4 —10. Thus, we take
the maximum value of 1 =5 for the (lf)„~(ld)z, which
gives the largest cross section. Then the neutron in the
f orbit with the substate m„=+3 is kicked into the d

orbit of A with the reversed direction of mA ——+2. The
evaluated result gives negative polarization as shown by
the solid line in Fig. 3. The negative sign rejects indeed
the smaller absorption (shorter path) for the near-side
process than for the far-side one.

The (K,m. ) reaction at P (K ) =0.5 —0. 8 GeV/c
has been extensively used for exciting low-spin A hyper-
nuclei because of the large cross section of the elementa-
ry process and of the small momentum transfer. ' Here q
is mostly transversal as shown in Fig. 2(b). In contrast
to the (n.+,K+) reaction, the far-side reactions at A and
B give negative and positive l polarizations, respectively.
Thus they cancel with each other, resulting in the small
P (8), and similarly cancellation of the polarizations at
C and D results in the small P (8) [see Fig. 2(b)]. More-
over, P (8) and P (8) may tend to cancel with each
other. Therefore the overall polarization becomes quite
small. In such case of cancellation the polarization may
hardly be evaluated by a classical treatment since the in-
terference term plays an important role for the polariza-
tion.
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