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The process K~+He!*—A+7r"+He3 is analyzed in the multiple-impulse approximation for both 1§
and 2P atomic capture at rest. Reaction kinematics and rates, which are free of arbitrary constants, are
calculated in both first and second order. The multichannel K# amplitudes of Kim are employed to in-
corporate the ¥1*(1385) resonance into the first-order (direct) term, and both the ¥1*(1385) and ¥*(1405)
resonances into the second-order (Z-A conversion) term. Agreement with experiment is good, particularly

when the conversion term is added.

I. INTRODUCTION

HE literature abounds in analyses of both - and

K~ capture in He* and deuterium.! Many authors
have confined themselves to the direct process, or, if
investigating resonance or conversion processes, they
have introduced arbitrary phases and constants in the
absence of more specific knowledge. It is the aim of
this paper to construct a general representation for
impulse scattering and, in the subsequent application
to the process K~ +He*—A-+7~+He?, to employ recent
estimates of pertinent matrix elements.

In Sec. II, a very brief review of scattering theory
is presented and the impulse approximation given ex-
plicit form. Sections IIT and IV carry the specific proc-
ess K-+He*—A-+7 +He? through first and second
orders, respectively. Parametrization of the scattering
operators is given in Sec. V, and results compared with
experiment in Sec. VI.

Owing to the number of particles in the reaction,
Fourier analysis of the amplitude often becomes con-
fusing in the proliferation of indices and variables. The
following conventions may thus prove helpful to the
reader. Fourier momentum variables will always carry
a prime superscript, i.e., p;/, ¢/, while physical states
will carry no superscripts, i.e., p;, ¢;. Subscripts will be
used to denote particles. Where confusion may arise
as to whether a particle is in an initial, intermediate,
or final state, it will be advantageous to use a double-
primed subscript for the final state, a single-primed
subscript for an intermediate state, and an unprimed
subscript to designate a particle in the initial state.

II. MULTIPLE-SCATTERING IMPULSE
APPROXIMATION

The complete T operator in a system of # scattering
centers satisfies the operator equation

T=V+VGT= X T,

=1
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LA short list of some important work is given here: D. E.
Neville, Phys. Rev. 130, 327 (1963) ; P. Said and J. Sawicki, 7bid.
139, B991 (1965); J. Sawicki, Nuovo Cimento 33, 361 (1964);
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where T'; designates the individual transition operators
for each of the # scatterers, and satisfies a similar equa-
tion in terms of the individual scattering potentials V;:

Ti=Vi+ V.G (2)
For a full Hamiltonian, H=K+7V, where K is the
unperturbed part of the (n+1)-body system; the
scattering potential V and Green’s function Gy are de-
fined as

V=37, (3)

Go= (K— E+ie)-1, (4)

while the full and unperturbed eigenvectors, or state
vectors | ¢) and | ¢), satisfy the usual eigenvalue equa-

tion
H{y)=E[¢), K|¢)=E|¢). (3)
Using the individual transition operators 7; defined in

Eq. (2), and iterating Eq. (1), we easily obtain the
cluster expansion of T':

T= (T1+T2+' e +Tn)
(T Tok o+ o+ T Go(Ti T v o+ T) 0.
(6)

In second order (see Fig. 1), the transition amplitude
for state 7 to state f is given by

(FIT|8y=(f| (TATot-+++T,) [ 4)
+{f| (T14Tet+++T0) Go(T1+ T+ - +T) | 0).
(7

In the impulse model, only one scattering center effects
transitions at the various scattering stages so that?

(FIT|D)={fI T )+ Af| ToGeT1 [4).  (8)

The above has an obvious graphical parallel to rela-
tivistic Feynman graphs when {f|, |4) are identified
with external “lines,” G, with the propagator, and
T, Te with coupling constants or form factors.
Applied to the process K- +Het—A-+7+He?, we

2 The following give a good account of formal scattering theory
and the impulse approximation: G. F. Chew and G. C. Wick,
Phys. Rev. 85, 636 (1952) ; M. Gell-Mann and M. L. Goldberger,
sbid. 91, 398%(1953); G. F. Chew and M. L. Goldberger, ibid.
87, 7785(1952).
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write, upon introducing complete sets of intermediate
states, D, | #) (n |, where # refers to the complete set
of attributes necessary to describe the intermediate
states,

(f1T|iy=(r AHe*| T1 | K-He')
+ X (x- AHE* | T2 | n)(E— E,+ie) ™
X (| Ty | K-Het), (9)

and E and E, represent the total energy of the initial
and intermediate state, respectively.

III. FIRST ORDER

Assuming plane-wave final =, A, and external® He?
states, Coulomb K~ -He* and either Gaussian or Hulthén
n-He? initial states, and Gaussian internal states of the
spectator He® nucleus,* the usual Fourier analysis of
the first-order term takes the form (suppressing for
the moment the spin and isospin labels)

M,= (=~ AHe? | Ty | K- He?)

—_ Ui dgp ' d9q'
"/déd‘? (2m)° (2x)°
X{E"g5'qa' =" | T | p’pu’ b3 €)Epx" ' ps’ | K- He?),
(10)

where d°p’ and @°¢’ denote integration over the Fourier
sets (px'pa’ps’) and (g-'qa'¢s"), respectively. Both £
and £ denote internal coordinates of the spectator in
the following manner. For a four-nucleon spectator
with nucleon coordinates (y1, ¥s, ¥s, y1), £ is the set of
internal coordinates (w3, 22, 21) such that, in the limit
of equal-mass nucleons,

(pxpaHe? | ¢.'qa'¢s'E")

X3=Y2— Y1,

%=ys—5(y1+92), (11)

a1=ys—3(y1t+y2+ys) .

As is probably evident, each successive internal co-
ordinate x; represents the relative separation of the
(4+1)th nucleon from the center of mass of the pre-
ceding ¢ nucleons. For a spectator of three nucleons,
£= (w3, %2), while for a two-nucleon spectator, £= (x3).
Except for a configuration representation of internal
degrees of the spectator, the factored, or product, state
vector takes the form in momentum space

(prpaHe? | ¢:'qa'g5'8" )= (2m)% (P~ g'— qa" — ¢5")
X8(pr—gx")8(pa—qu )™ (%", %5""), (12)

3 The label “external” applied to He? refers to the composite
center of mass of the He® nucleus, in distinction to the two
‘“internal’’ degrees of freedom.

4 The Gaussian internal states referred to in the text are obtained
from the product Gaussian wave functions in the shell model by
transforming, using Eq. (11). In the shell-model representation,
each nucleon is described by a wave function proportional to
exp[ —o2(y;—v0)2/2], where y; is the coordinate of the ith
nucleon and y, is the center-of-mass coordinate of the nucleus
as a whole.
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(p'pa’ps' | K- Het)= (2)%(Pi— p’— pu'— p5')
X (M4PK"—MKPn/—mKP3')

my+mg

X¢n—3 (13)

(w) Va0, 23),
my

for initial and final total momenta P; and Py, given by
Pi=pstpx, Pi=potpatps’,

where the physical momenta of the initial and final
states are denoted by the sets (pspx) and (prpaps’’),
respectively. The momentum wave functions, obtained
by Fourier-transforming the normalized configuration-
space wave functions mentioned previously, take the
following explicit form?: ‘

(a) ¥r-a(g) = (2m)*Nwd(g)  (15)
= (2m)3Nye:+ Vo (g)
(2p),
mz__ n2
(b) ¢n-3(q) =474 () ()
(Hulthén)
= Ng exp(—2¢°/3a?) (14)
(Gaussian),
(c) s (@2, 25) = N exp[ — 36°(Ga+3) ]
(He?),
(d) Yalas, 22, 25) = Ny exp[ — 3e? (G’ +Fos>+Fe?) ]
(He?),
(e) ¢l x5) = Nrexp[—3v* (3o’ +305")
(H3 or He?),

where the numerical values and normalization factors
written above are given in Ref. 5. In & 4(q), e; denotes
any one of the three possible azimuthal 25 K~-He*

8 The following is a complete list of constants and expressions
appearing in the text:

Normalization factors:
Nyo= (8/ma®)17, No= (1/md5)12,
Ng=[mn(m-+n) /2w (m—n)2]"2,
No=(4/\Ba)™, Ny= (a3/4mi2)o",
Ni=(@/8m)%,  Ny= (80,
Nor_p=(2a12/B)3%2, No_p= (22 /)32,

Constants:
a=146 MeV, =—155 MeV, vy=157 MeV,
m=250 MeV, 7=160 MeV, @=0.34X107% cm.

Overlap factors:
gs=[28v/ B+ F?  gn=[2av/(a?++") T,
gu=[2a8/(2+p) T,
S13=NuwrpNu_ry*B?/ (2m)32(v2+p2) %2,
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Fic. 1. Second-order impulse graphs.

states, i.e., for unit vectors in the relative momentum
basis of K~-He? defined by %, &y, and %.,

€= — (kx‘}‘iky)/ﬁ
=k,
= (k,—1ky) /V2. (15)

Also, ¢.-3(q) is the Fourier transform of the x; part
of Y4(x1, s, x3), thereby yielding an effective form factor
for the impulse scattering K~+#n—A+=7—. The scatter-
ing nucleon # is hereafter referred to as the “knock-on”
nucleon. Furthermore, the impulse approximation de-
mands that the He? be a spectator to the reaction so
that its state remain unaffected by the scattering
operator:

(g"qn'g'€" | Tv | pi’ pa’ pa'E) ‘
= (2m)%(gs'— ps) 0 (§—£") {g'qa" | T1 | px’pn”). (16)

Integrating over all variables except d*px’, we obtain®
daj)K' ( My, )
Y L W
1= g3 (271_)3\01( 4| PK p—

Kpns (p3,,_ o Pr’ — s P¢> (papa | T1 | p&’pa%,
My My
17)

with gs representing the spatial overlap of ¥5* and
Y1, and p,0=P;,— px’— ps-. This result, as well as
parametrizations of the matrix elements and wave-
functions, has been obtained by a number of authors,
who vary somewhat in their approaches. More will be
said in Sec. V about our choice for {p.pa | T1| px’ps’)-

IV. SECOND ORDER

The second-order term is important because it
contains the so-called Z-A conversion amplitude. Let
us saturate the intermediate states |#n)(n| with
| SxI){IrZ | charge and spin states. Here I refers to
the system of three intermediate nucleons formed in

6 The overlap gais obtained from gss = [ d®xad3asys™ (wa, 205)¢s (2, 3),
and is given above in Ref. 5. Similar expressions hold for g5 and
834-

B. R. WIENKE 1

the process
K- +Het—»r 424 I"—>7~+A+Hed (18)

The double-scattering conversion process, in the im-
pulse model, requires two different knock-on nucleons
7 and #’, and can be envisioned as occurring as pic-
tured in Fig. 2 (the labeling given there also will carry
through in the subsequent Fourier analysis in Appen-
dix A), where R is a system of two nucleons, and the
charge states are implicitly defined by ¢ and b. This
splitting facilitates parametrizing the scattering oper-
ator for K~ +n—2Z*+7 in the first stage, followed by
Zo+n'—A—+n" in the second stage. In second order,
assuming plane-wave =, ¥ intermediate states, the
cluster amplitude becomes

d°k

Mo= | —— (p.paHe? | T2 | ksk.I)

(2m)°
X (E— Er+ie) Y ksk.I | T1| K-Het), (19)
where d°k refers to integration over the set (kzk.kr) in
the intermediate state Z«/ having total energy Er.
Again the spin and isospin indices are suppressed until
Sec. V. The details of the Fourier analysis, in analogy

with Egs. (10), (12), and (16), are given in the
Appendix A, and we list the result here:

M.= grsgns / ﬂ Lo P’

(2m)® (2m)® (2m)?

Xqu"pa | To | kesha')(E— Er+-ie)~"

X (kzpr | To| px’pat)s
— _@E ’ £3 . % ) — ',I
F(p, ¢, k) =¢ns <k1+ m4 PE ) X*n_R <m; p3rr—qn )

F(k, g, p)

(20)

’ Mn ’ Mn
XXnr—r \ P30 — qur' — — kr | ¥xa | pr'— P,
mr Mmr—+mq
with d% designating the set (kskr), and
put=Pi—px'—kr,  h'=kr—pytqu’;

Ko N NRATEN R+ ST+ N + R

F1c. 2. Second-order scattering process.
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Fic. 3. Pion momentum distribution (Hulthén form factor). (a) 1S capture, no conversion; (b) 2P capture, no conversion; (c) 1.5
capture, conversion; (d) 2P capture, conversion.

the factors grs and grs represent the spatial overlap of
the intermediate three-nucleon system with the initial
He* and final He?, while x*,»_z and x,_r represent
effective form factors for the second-stage scattering
S4n'—A+n".

V. MATRIX ELEMENTS

For the first-order matrix element, we parametrize
the scattering in the relative, or center-of-mass, system
and write

(papa | T1 | p&’pu®)

= (2m)%(pat-pa—px'— pu°) (gr | T1 1 gs), (21)
and similarly in second order”
{gu"pa | To | kshy)
= (2m) % (gu'+ pa—lkz—h") (s | T2 | hr),  (22)

(kspx | T1| px"pa®)
= (2m) % (st pr—px'— pa®) (G | T1 | 52),
where gy, ¢i, ks, k1, j1, and j; are the relative momenta
7 The neglect of the gn#’ dependence of (&, | T3 | k) anticipates
replacing the matrix element with a complex scattering length.

Using k;=—kz—pr=ps» amounts to a neglect of the detailed
structure of the form factors in the second stage.

in the two-body states. For sake of generality, we
merely list g; with the understanding that the remain-
ing momenta are similarly defined:

gr=(Mmapr—mapz) / (ma-+ms). (23)
Using the operator identity
lim (E— Erie)"'=P(E—Er)"'"Find(E—Er), (24)

0

where P implies the principal value in any integrations
over Ej, approximating ps»=kr in the wave functions
Xn''—R, Xn'—R, While at the same time neglecting the
¢n" dependence of (k| Ty | hr) as well as the principle-
value integral, we obtain for K~ capture at rest, i.e.,
P;=0, in first order,

M= gss(2m) 35 (pa+ prtp3r) Ok—atbn—s(ps) {gs | T1 | q:),
(25)

where, for capture from the 2P atomic state, e;- Vo (px’)

TasLE I. First- and second-order capture rates.

Mode Form factor Ty (sec™) T, (sec™)
18 Hulthén 1.1X107 1.8X10v7
2P Hulthén 1.0Xx10% 1.4X10w
18 Gaussian 1.0X10v7 1.5X10v7
2P Gaussian 1.1Xx10® 1.6X10=
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Fi16. 4. He? momentum distribution (Hulthén form factor). (a) 1.5 capture, no conversion; (b) 2P capture, no conversion; (c) 1.5
capture, conversion; (d) 2P capture, conversion.
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F1c. 5. Pion momentum distribution (Gaussian form factor). (a) 1S capture, no conversion; (b) 2P capture, no conversion; (c) 1.5
capture, conversion; (d) 2P capture, conversion.
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operated in the usual sense of integration over a deriva-
tive of a & function so that proper differentiation is
implied before substituting px’=0. Other quantities not
defined previously are given by

qi= —[mx/ (mz—+mn) Ips+,
Ox—s=Nyo (1S capture) (26)
=Nunei*Vprr=o (2P capture).
In second order, there similarly results
M= —im(2m) % (pa-tpat ps) gragrefrs
X /% Ok —s$n—s3(kr)6(E— Er)
Xy | To | h)(gr | To | gi),
with relative momenta j; and j; given by
Jr=—[ma/ (mz+ms) Jer— px, (28)
Ji=—[mx/ (mx—+m,) Jkr. (29)

In view of the neglect of the ¢, dependence of the
matrix element, we let #;—0 and #;—0, in anticipation
of using a complex scattering length for (s | T; | k).
Furthermore, f1; represents the momentum overlap of
Xn''—r and x.-—g and is given in Ref. 5. The energy §
function fixes the magnitude of k7 as a function of E
and s, for s, the center-of-mass energy of the Z-w
system.® For completeness we list the following expres-
sions:

E;=mg-+m,=E=E.+m;

(27)

+ (s 2ms) + [ p5*/ 2(ma+m) J+2,  (30)
Er= E +mp+ (ki) 2mr) +[k?/2(mz+ma) I+s,  (31)
[ 71 117:| cosf=[mx/ (mx~+mn) Jerpx cosB

+mgme/ (mg—+m,) (mz+m.) Jkr?, (32)

where 6 is the angle between jr and j;, ¢ is the center-
of-mass energy of the A-r final system, and 8 is the
angle between &7 and ..

At this point, it is advantageous to introduce spin
and isospin into the state vectors via the following
notation and comments. The amplitudes M; and M,
are generalized to include spin and isospin by forming
the usual product representation of spin, isospin, and
the dynamical particle space, so that

A= (C; | M| Cy),
A2= <Cf [ M2 I Cz)
N<thf I T2 I h[CI)(CIj[ l Tl |jici>,

where C;, Cr, and C; refer to the initial, intermediate,
and final spin and isospin states. Because the T" oper-
ators are diagonal in the spin and isospin of spectators,

(33)

8 See J. Sawicki, Nuovo Cimento 33, 361 (1964), for alternative
methods of intermediate integration.
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Kronecker §’s are implicitly understood in Egs. (33)
for spectators in all stages of scattering. Appendix B
gives explicit representation to Egs. (33).

Kim® has parametrized the effective-range expansion
of the T operator with a multichannel fit to experi-
mental K-P and K°P interactions. In the operator
sense, T is expanded on eigenstates of parity and
total angular momentum, j=/4-%, with / the orbital
angular momentum of the K#» system, such that

Ty= H+io+ (§:X§,)G, (34)

where o are the Pauli spin operators, §; and ¢y are unit
vectors in the direction of the initial and final channel
momenta, §;X§y=sinf, and G and H take the fol-
lowing explicit expansions in Legendre polynomials:

H= (4r)71 3 [(IH1) Toyajp 1T 1] Pi(cosh)
1=0

o (35)

G= (47I')_1 Z [Tl+1/2— Tl_.l/g:lel(COSO) .

=0

The partial-wave operators Tiyy» are defined in mo-
mentum space in an effective-range expansion with
their matrix elements

(g7 T | gi)=A{qs | B (M1app— k21" % | gi),  (36)
where the explicit range operator is given by??
Moo= Mg p(Eo) +3Co2 (K2 — k),  (37)

for r representing the range, E, representing the incident.
channel energy, % representing the channel momentum,
ko representing the channel momentum corresponding
to energy Eo, and Co=1, Ci=—3. The I=1, I=1,
7=2 matrix elements are fitted to include the ¥,*(1385)
scattering resonance (though the coupling to Kn is
small), while the 7=0, /=0, =% elements contain con-
tributions from the virtual bound resonance ¥*(1405).
The Y:*(1385) contributes to both A; and A, for the
process K~+He*~A+7n"+He?, while the Y,*(1405)
only contributes to A, because of isospin conservation.

Turning our attention to the stage Zn'—An’’, Neville
has examined the hyperon-nucleon interaction in the
reactions

S +d—>A+N+P
—Z+4N+P (38)

for capture at rest. Using the range expansions, Egs.
(36) and (37), in a global-symmetry model (which -
does not give good agreement with experiment for =~
capture in deuterium), Neville obtains for the spin-0
and spin-1 matrix elements at, or near, threshold (in

9 J. K. Kim, Phys. Rev. Letters 19, 1074 (1967).

10 The development of the range expansion is given by M. H.
Ross and G. L. Shaw, Ann. Phys. (N.Y.) 13, 147 (1961). The
K-matrix analysis of K# interactions is introduced by R. H. Dalitz
and S. F. Tuan, ibid. 3, 307 (1960).
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Fe1. 6. He® momentum distribution (Gaussian form factor). (a) 1S capture, no conversion; (b) 2P capture, no conversion; (c) 1.5
capture, conversion; (d) 2P capture, conversion.

units of F),

(—im) 1 (An” | T2 | 2n/)=0.328+40.534  (S=1)
=—0.244—90.072 (S=0).
(39)

In view of our neglect of spin for this stage, it will
suffice to take the spin average of Eq. (39) as a first
estimate. In neglecting the detailed structure of
(An"" | T2 | Zn'), we are effectively replacing the con-
version process by a simple conversion amplitude.
This will suffice, though, to exhibit the effects of the
Z-A conversion process on the momentum distributions
of the final products.

VI. RESULTS

The rate to all final spin and momentum states of
Ar—He? takes the form

By Bpy Bps
(27)3 (27)3 (27)®
XO(E—E;)o(patpatps)ATA, (40)

where ATA and implicit averages and sums are given
in Appendix B. For completeness, we list ATA:

ATA=tr(AT4+AsY) (A +A,) (18)

I'=(27)*4

3
=52 tr(Af A7) (A +-A,)

=1

(2p) (41)

for Ay, A, the spin-isospin generalizations of amplitudes
M, M., explicitly listed in Eq. (B3) of Appendix B,
and e; given in Eqs. (15). The He? and = momentum
distributions are obtained by integrating over all vari-
ables except He?®, or 7 momentum. The kinetic energy
distributions are obtained in the same fashion after
transforming variables. As mentioned in Ref. 8, the
integrations implied above are easily done following
Sawicki, and we do not repeat them.

In Table I the rates are tabulated for 1S and 2P
capture, in first and second order for both Gaussian
and Hulthén form factors.t

Though the addition of the 2-A conversion term has
little effect on the rate, the effects in the momentum
distributions are more noticeable. Figures 3 and 4 give
the final pion and He?® distributions for the Hulthén
form factor, while Figs. 5 and 6 show the corresponding

11Tt should be pointed out that relativistic normalizations
were used for actual calculations. We have adopted the normaliza-
tion used by Dalitz and Tuan (Ref. 10) for the K# matrix ele-
ments, and that used by Neville (Ref. 1) for the hyperon-nucleon
matrix elements. More simply, this implies that an additional
factor of (m/e)l? appears 'with each fermion and a factor of
(27 /w)1? with each boson in the Kz matrix elements of the text,
while an additional factor of (E2/e)!/2 appears for each fermion
in the hyperon-nucleon matrix elements of the text. In the above,
e and w are the relativistic particle energies and E is the total
energy in the center-of-mass system. For the sake of simplicity,
the text uses the normalization (& | %)= (27)35(k—F’).
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distributions for the Gaussian case.*'® All curves are
normalized to the total area under the histogram. The
labels @ and b refer to 1.5 and 2P capture in first order,
while ¢ and d refer to 1.5 and 2P capture in second
order.

Obviously the first-order term, corresponding to
directly produced An~He* with a small amount of
¥:*(1385) production, is incapable of accounting for
the momentum tails of both the pion and He®* momen-
tum distributions. The addition of the 2-A conversion
term helps to describe the He? and pion distributions
to a better degree. Though some semblance of the
2-A conversion bump (at 170 MeV, approximately)
appears in the pion distribution with Gaussian form
factor, both the absolute size of the hyperon-nucleon
scattering length (which effectively weights the second-
order term with reference to the first-order term) and
the form factor (which falls off rapidly with increasing
He? momentum) tend to negate its contribution when
the second-order and first-order terms are added. In
view of the approximation of the second-stage process,
the results obtained in second order are noticeably im-
proved over those obtained in first order. The theoret-
ical distributions do not possess enough dissimilarity
to allow determination of the capture orbit.
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APPENDIX A

Analogously to Eq. (10), we Fourier-analyze the
amplitude in the following fashion (suppressing the
decomposition of plane waves with its ultimate integra-
tion over §-function momentum states p.ps and k.ks) :

(pxprHe? | Ty | kaksI)

_/dldl! q

>< <Qn” qdr PTPAGI, I T2l lewkEhn'lhRI><hn/,hR,6l ] I),

12The experimental histograms are given in P. Said and ]J.
Sawicki, Phys. Rev. 139, B991 (1965). They represent the
weighted sum of the data of the Helium Bubble Chamber Col-
laboration Group, Nuovo Cimento 20, 724 (1961); J. Auman
et al., in Proceedings of the 1962 Annual International Conference
on High-Energy Nuclear Physics, Geneva, 1962, edited by J.
Prentki (CERN, Geneva, 1962), p. 330; cf. also Proceedings of
the Tenth Annual International Conference on High-Energy Physics,
Rochester, 1960, edited by E. C. G. Sudarshan, J. J. Tinlot, and
A. C. Melissinos (Interscience, New York, 1960), p. 426. The
histograms and theoretical curves are normalized to the same,
but arbitrary area.

13 Virtual processes in any given channel are included in the
calculation by following the usual prescription of replacing the
channel center-of-mass momentum % with ¢% for energies below
threshold in that channel (see Dalitz and Tuan, Ref. 10).
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(kskeI | Ty | K-Het)
s e )
X (' ksksl! l T | $p'pa'ps' )P pa'ps's | K~ Het),
(A1)

with factored state vectors
(He? | gu'gr'e"y= (2m) % (py— gu’ — g&")
Xx*ur— gl (Maqr’ —mpgur") s Js* (25")
(€ | Ty= (2138 (r— o' — )
X XL (Ml —mghy") [mr W1 (a'),
(I ¢’ )y= 2m)% (ki—hr' )1 (as', '),  (A2)
(o' P’ ps's | Het)= (2m)%6 (Pi— p’— pu’— p3)
Xy (mapr’ —mrp’ —mups’) [ (mst-mx) ]
X @nsl (Mapn’ —maps”) /maJa(s, ).

Again, xn—gr, Xn—r represent the Fourier transforms
of the x,”’, %y’ coordinates of s, ¥r, where Y1 takes the
Gaussian form

Yr(a, «3) = Nrexp[ —57v2 (3> +302) ] (A3)

and Xu/—R, Xn'—R are exphcltly given for S=#""—R,

' —R:
xs(q) =Ns exp(—3¢%/4v?). (A4)

In the impulse model for K~+#n—2+m, followed by
S+4n"—A+n",

(gu" g papre” | To| € kukshn b
= (2m)3 (kx— px) 8 (qr' — h') 6 (" —¢€)
XAgw"pa | T2 | kesku'),
(hr'kesks” | Ty | $x"pu’ ") (A3)
= (2m)% (b’ — ps') 8(¢'—§) Cska | Tt | p'pa’),

so that substituting Egs. (A2) and (AS) into Eq. (A1)
yields

(ppaHe3 | Ty | koksI)

&g’ . <mn ,)
=g (27r)3x n''—R s D3 — G

m
XX <p3”— Qo' = ;f k’) (gur'pa | To | kshit),
I

(ksk.I | T1 | K~He*)
ds?K’ ( , i, )
- TEE e - P,
gu/ (2W>3¢K 1| P P

X pus <k1~ Ty — 2 p i) (kzkr | T1 | px'pat),
My My

(A06)
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with (2m)3(ps+p=-+pa) suppressed in the above, and
with the definitions

puit=Pi—px'—kr,  hat=ki—pyt+gu’, (AT)

and grs, gr4 the spatial overlaps of Y; and ys, and ¥r
and yYu.

APPENDIX B

The scattering K-+He*—>A-+7~+He? can, through
second order, take place in any of the following ways.
Letting N and P designate knock-on neutrons and
protons, respectively, we may have

AnrHe?
7
K-N-+He?
AN (B1)
20~ Hel—Anr~ Hej,

K- P+H3—-Z+tr Hi—>Ar He?.

Other possible intermediate charge states occurring to
the reader are ruled out by the impulse approximation
and the resulting diagonality of the T operators with
respect to the spectators. For the initial He* nucleus a
4®4 Slater determinant in spin®isospin space is writ-
ten, while the intermediate three-nucleon state and
final He® are 3®3 Slater determinants. This insures
proper antisymmetrization of the nucleon spin®isospin
wave functions. Specifically, we write

Pt Pt Pt Pt
Pl— .P2~ Ps— P4—
| Het)= (41)~12 , (B2)
N+ Ngt Ngt N4t
N~ Nz— N;f N4—

which, in terms of similarly defined 3®3 Slater deter-
minants representing He® and H3, can be cast into the
form

| Het)=%(| P*H-)—| P-Ht)+| N*He )+| N-He")),
(B3)

which + refer to the spin states of the particles, i.e.,

R. WIENKE 1

+1, and H and He refer to the H3 and He? Slater
determinants. The processes K-n—An~ or K-n—Zn"
are parametrized by 7=0, 1 isospin amplitudes, while
Zn'—An"’ could be parametrized by an I=% amplitude.
Using Eq. (B3), coupling K-N, K~ P, 2%~, and Ztz~
through the usual Clebsch-Gordan expansions into
I=0, 1 channels, while neglecting any spin or isospin
dependence in the second-stage =n'—An’’ by writing
[see Eq. (33)]

(Cyhy | Ty | hiCr)=bspssdsyss (s | Tt | hr), (B4)

where s; refers to the spin of the ith particle, 3" and 3’
refer to the final He* and intermediate He* or H3,
respectively, and 75!/ refers to the =% isospin ampli-
tude, we obtain with some algebra (again suppressing
the & function)

A1=3830k—1Pn—s(Psr) 2(sags | T1' | ¢i50)Q,
As= —%imgrsgrafrs0r—a
&*kr
X / 8(E— En)pn-3(kr)2>(hs | T2 | hr)
(27I')3 Sn

XALA+V2) N2 I (sajr | Tit | jisn)
—V8 Ysajr | T2 | jisn)} 0,
Q= 055130503~ Os531,305n—3-

(BS)

In the above, # represents the initial knock-on nucleon,
and T9° and T4* are the isoscalar and isovector ampli-
tudes, respectively. The rate to all final states involves
a summation over final A, He® spin states, and for a
2P capture, an average over initial K~ orientations,
so that

ATA= Y |AHA 2

SAS3/7

=%Z Z [A1+A2 [2

e SA\Sglt

(15)

(2P),  (BO6)

which, upon performing the summation over ss, be-
comes

AtA= 3 | Aj+A, |2 (15)
8A8n
=1X T |AtA P (2P).  (BY)
el spsn



