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1. Introduction

Hypernuclei X‘N, heavier than 3He, decay through mesonic and nonmesonic
channels. Here we will produce strangeness violating potentials which can be used
in the theoretical description of nonmesonic channels. In these channels, the A mass
excess of 176 MeV is converted into the kinetic energy of the final two-nucleon state.
This review is dealing with nuclear potentials induced by the pseudoscalar meson
exchanges, such as 7, K and n only. The potential pieces due to the vector and/or
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axial-vector meson exchanges will be studied along the similar lines in the following
paper [1]. The same goes for the calculations of the hypernuclear decay widths [2].

In hypernuclear decays, one can study the parity conserving (PC) and parity
violating (PV) parts of the weak interaction. In that sense, the nonmesonic decay

A+ N — N+ N or
A+pt — pt 4 and (1.1)

A+n® — n0 4+ n

is the AS = 1 analogy of the weak NN—NN nuclear PV reaction. However, the
weak PC AN—NN decay is also observable in experiments. Experimental hyper-
nuclear programs at BNL, KEK, CEBAF, DUBNA and DA®NE promise enough
data for exhaustive hypernuclear studies [3-7].

In this paper, we will employ the meson exchange mechanism to induce the
effective baryon-baryon (hyperon) potential, as shown in Fig. 1.1.

N N
M
We-———————— S
A N

Fig. 1.1. One meson baryon-baryon exchange diagram. N and A are S = 0 and
S = —1 baryons and M is a non-strange pseudoscalar meson. S and W are the
strong and weak vertices.

The weak vertex W for the pseudoscalar meson exchange is closely connected
with the theory of hyperon nonleptonic decays [8-15]. These decays have been
studied and analyzed in detail. Here we will review a particular theoretical approach
[8,13,14]. The related methods have already been applied [5] in estimates of the
“new” AS = 1 vertices, such as NNK which appear in processes (1.1) and which
are shown in Fig. 1.1. We intend to include all known and relevant contributions
except for the decuplet poles [16].

The strength of a weak vertex W

W =iu(pn)(A — Bys)u(pa) (1.2)

can be parameterized by the A and B amplitudes. For certain weak vertices, such
as A — N+ 7 for example, the amplitudes A and B can be taken directly from the
experiment. In the experimentally measured decay, all particles are on the mass
shell. That is not necessarily so in the case of the exchange interaction Fig. 1.1
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inside the nuclear matter. However, all possible corrections will be neglected in the
following. Theoretical uncertainties, as explained in detail below, are so large that
such niceties have no practical importance.

One has to rely entirely on the theory when dealing with the weak vertex corre-
sponding to N — N+ K and A — N+ transitions. In that sense, the investigation
of the strangeness-violating nuclear interaction is a welcome test for the general
theoretical understanding of the hyperon nonleptonic processes. Use will be made
of theoretical schemes which were developed for the hyperon nonleptonic decays
[13,14,17,18] and for the deduction of the weak parity violating nuclear potential
[19,20]. In order to check the theoretical accuracy, the analysis will be carried out
for some of directly measurable amplitudes. For the strong meson vertices, the
standard form and the flavour SU(3) symmetry is assumed.

The full weak Hamiltonian will be used without any assumptions about octet
(i.e. AT =1/2) dominance. Thus, our derived potential (9.11) below, contains both
isospin changes: AI =1/2 and Al = 3/2.

In the eighties, the study of the hyperon nonleptonic decays had reached certain
level of success based on current algebra and pole dominance. Some results [14,21]
were elaborated in monographs and reviews [8,11,13]. The theoretically consistent
and complete (as far as the mentioned approximations go) results are obtained
by combining contributions which were previously used in either one or the other
of discussed works. For example, in Ref. [21], the baryon and meson poles were
used for describing the p—wave (B) amplitudes. On the other hand, the methods
employed in Refs. [14,17,18] relied on the baryon poles and separable (factorizable)
contributions. It turns out, as discussed in detail below, that one has to combine
all three contributions in a well defined way.

Separable contributions associated with operators O; ..., O4 (see Sec. 2 below)
contain an axial vector-current matrix element

(Bl A} |Bi) ~ uB, [vuv594 + iquvs9p]us,; - (1.3)

Here, g4 is the form factor associated with the axial vector meson exchanges
[8,22,23] and thus it should be included as “an axial-vector meson-pole contribu-
tion”. The term gp was not included in the earlier estimate [14,21]. It is dominated
by the pseudoscalar meson (i.e. kaon) pole, so that its contribution is included in
the more general kaon pole contributions. Separable contributions from operators
Os and Og are, as shown below, contained in the meson-pole term.

The parity violating (s—wave) amplitudes were estimated in Ref. [21] using the
current-algebra terms (CAT) and the contributions coming from the commutators
involving Os and Og operators. In the case of the p—wave amplitudes, the analogous
terms are included in the kaon pole pieces [13,21]. In Refs. [14,17,18], the CAT
and the factorizable contributions were used. Obviously, the complete estimate,
involving leading poles, should contain everything.

The weak PV (A) amplitude contains current algebra and separable parts,
whereas the PC (B) amplitude gets its contributions from pole terms and separable
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parts, i.e.
A = Aca + Asgp (1.4a)
B = BpoLg + Bsep,
or more precisely
A = Z [Aca/a + AsEp/a)
a=mK.n (1.4b)
B = Z [Bpovg/a + Bsep/a) -
a=m,Kn

Thus, in comparison with the experimental data, one has to use the complete
theoretical expression, as for example

A(exp) = Aca + Asgp. (1.5)

That determines the values of the matrix elements (5.20) etc. below, as will be
explained in detail in Sec. 7.

The following sections will be devoted to specific pion, kaon and n—contributions
to PV and PC weak A-decay amplitudes. The separable pieces are given in Sec. 3
while the baryon-pole contributions are described in Sec. 4. Sec. 5 is devoted to the
so called current-algebra contributions. The connection between separable contri-
butions and the meson poles is discussed in Sec. 6. Sec. 7 compares the calculated
weak BBM amplitudes with the measured ones. The theoretically predicted NNK
and NNz amplitudes are compared with some other theoretical results. The deriva-
tion of the nonrelativistic weak potentials is described in Sec. 8. The AT = 1/2
and Al = 3/2 pieces are listed separately. The effective AS = 1 nonrelativistic
potential, which can serve as the input in nuclear calculations, is listed in Sec. 9.
Various theoretical details can be found in numerous appendices. Closely related
theoretical methods were used in Ref. [5]. Our approach investigates the impor-
tance of additional contributions, such as separable terms, kaon poles and so on.
Some attention will be paid to the so called “double counting problem” [11,18] by
comparing various contributions to B amplitudes.

The weak NNK interactions were investigated using heavy-baryon chiral per-
turbation theory also [22]. Their results will be compared with results obtained by
methods corresponding to the scheme outlined by formulae (1.4). We are hoping
that this contribution will illustrate the theoretical uncertainty in the evaluation
of NNK and NAn weak vertices which, contrary to NAx vertices, cannot be read
directly from the experimental data.

2. Weak and strong Hamiltonians

The weak one pion exchange potential can be extracted from the Feynman
amplitude shown in Fig. 1.1. This diagram corresponds to a second-order term in
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the S-matrix expansion. The details of that expansion, performed in an effective
field theory, can be found in Sec. 8 below. Here we want to specify the strength
of the weak (i.e. A, B) and of the strong vertices (i.e. gp'gar). The calculation of
the weak strengths A and B, which correspond to the hyperon nonleptonic decay
amplitudes [13,14,17,18,21], will be the main topic of the following Sections 3-6.

The weak vertices are determined by the effective weak A|S| =1 Hamiltonian,
which in the quark basis is given by [23,24]

HG = \G; udVJSZC O; . (2.1)

This can be conveniently written as

HY) = —V2Grsinfo cosbe Y. CiO;. (2.2)

Here the C/s are the QCD Wilson coefficients [23] calculated in the six-quark
Standard Model and evaluated at the scale p = 0.5 GeV. Their values are given in
Table 2.1. G is Fermi constant and sinf¢ and cosf¢c (later denoted by s¢ and
cc) are the sine and cosine of the Cabibbo angle.

Table 2.1. Wilson coefficients evaluated at the scale p = 0.5 GeV.

Cl CQ C3 C4 CS CG
-2.358 | 0.080 | 0.082 | 0.411 | -0.080 | -0.021

The four-quark (V — A) operators in the effective weak Hamiltonian (2.1) are

O1 = :(dpyuse) @y ur) — (dpyuur)(@ry*se) - (8,1/2)
Oy = :(dryuse) @y ur) + (dryuur)(@py*se)
(dryuse)(doy*dr) +2(dryuse)(5ey*se) (8,1/2)
O3 = :(dpypse) @y ur) + (dyuur) @y se)
(drypsp)(dpy*dr) — 3(dryuse)(Spy*se) - (27,1/2)
Oy = :(dryuse) @y ur) + (dryuur)@ry*se) (2.3)
—(dpypse)(deytdr) - (27, 3/2)
O5 = :(dpyuAast) WrY A aur) + (dryuAast)(dry* A adr)
+(dryuAasL)(BrRY*AASR) : (8,1/2)
Os = :(dryuse)(@ry*ur) + (dryuse)(dry"dr)
+(dryuse)(Sry"sr) : (8,1/2)
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All operators in (2.3) are normal ordered and their SU(3) (flavour representation,
isospin) content is also indicated. Moreover, the following notation is used

1 1
uL = 5(1 —Y5)u;  UR = 5(1 +v5)u. (2.4a)
So, for instance,
(dryuse) @yt ur) = [diy™(1 — v5)s][@sv. (1 — ¥5)u]
= 1ldy (1 = s)s][ay" (1 — v5)ul
= 1(ds)(v_a(Wu)(v_a), and (2.4b)
(@rypdr) = [d5(1=5)75(1+75)d]

%3%(1 +95)d.

The effective baryon-baryon-meson strong and weak vertices are given, respec-
tively, by

HiNn = ignvna TN TN s (2.5)
and
HW) = iGrm2 Ty (A — Bys)U5d, . (2.6)
The value of Gg is
Gpm2, =221 x 1077 ie.  Gp=1.16639 x 107° GeV 2 (2.7)

Furthermore, \I//S\ is the isospin spurion U5, which enforces the AT = 1/2 rule.

0
1
The weak amplitudes A and B can be taken from experiments. But, to check the
theoretical methods used in the evaluation of NNK weak vertices, they also have

been estimated theoretically (see Table 7.1).

The strong-coupling constants can be inferred from their the SU(3) symmetry,
and the following results are obtained (see for instance [25-28]):

— NN : 9pnnt = \/§gNN7T; Innr® = —“INN=; Yppr® = INN~;
—NSK: gur+s- = V29nsk:  Gpros- = V2YNSK;  GpK+s0 = INSK;

InKOx0 = —JNTK;

|
[1]
[1]
3

9z Zo,r = —V20z=ri G =0 = —¥==n;  Y20=0r0 = g==nx;
— NKA: IpK+A = gnKOA = gNKA;

— AYT: gastr = gAn-at = GAROR0 = gASK -

6 FIZIKA B (Zagreb) 10 (2001) 1, 1-64



BARBERO ET AL.: HYPERNUCLEAR POTENTIALS AND THE PSEUDOSCALAR MESON ...
Sometimes one also uses the parameter « = 1 — f. The values of « are, approx-
imately, in the range 0.44-0.6 [25].

Table 2.2. Strong-coupling constants in units of g (g.nn = g = 13.3, f = 0.4,
f+d=1

M BB’ | tINN TAX TNy T=E KAN K=A KXN
20—/ —(T+2f) | 4f-1
/ 1 —_ 2 2f —1 1-2

3. Separable contributions

In this section, we calculate the separable contributions to A and B amplitudes.
In the quark basis, they are represented by the diagrams (a) and (b) displayed in
Fig. 3.1. Note that the four quarks emerging from the black dot are engendered by
the four-quark operators given by (2.1) or (2.2).

@ i (b) iqgre
d u

| ° "/)n
" "\

d d

dnTC
(d) ’
u
d d
s o | P
u u

Fig. 3.1. Separable (diagrams (a) and (b)) and non-separable (diagrams (c) and

)

d)) contributions in A decays in a proton and a neutron (n). 'H(W acts at the
3% D. p eff

black dot.

In order to account for all possible processes, one has to perform the Fierz
transformations (FT) on the operators O; and average them over different colours.
This averaging procedure brings in a factor of 1/3. The two relations that govern
all FT, are

[@17u(1 = 75)@2] [@37* (1 = v5)aa] = [@17u(1 = v5)qa] [@37"(1 — 75)q2]

3.1
(@17 (1 = vs5)q2] [@37* (1 +v5)qa] = —2[q; (1 +75)q4] [@3(1 —75)q2] - 31

Note that the anticommutativity of fermion fields has been taken into account
in (3.1). The Fierz identities for eight Gell-Mann SU(3) A-matrices, which are
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necessary for the calculations are

XN = 0007 — 30N

(3.2)
NG Ny = 26005 — 26565 .

The Fierz transformed operators OFT can be expressed in terms of the original O;
operators:

Oit =—-0;, sothat O; — 01+ 01" = (1— %) O1
OfT =0,, sothat Oy — Oy 4 05T = (1+

3) 02
OgT :(937 SO that 03_)034_%0?1:1’1‘: <1+%) 03
OfT =04, sothat Oy — 04+ 05T = (1+ 1) O4 (3.3)

O§" = —2(drqR)(@rse), sothat O — Og+ 305"
= O — 5(drak)(@rste)
OFT = 206 sothat Os — 054 OFT = 05 + 206

There is also a simple relation between a matrix element of the operators Oy and
Og which is used frequently. It reads:

(B|0s|B) = 5 (B'|06|B) . (3.4)

The following quark combinations occur in the operators Ogg

(drsr)(drdr) = [d3(14v5)5(1+75)s][d5 (1 —75)5(1 — v5)d]

[ ! (3.5)
$[d(1+75)s][d(1 — v5)d] .

We also note that from the Dirac equation for quark fields one gets useful relations
for the evaluation of the matrix elements of scalar and pseudo-scalar densities,
occurring in the operators OF T and Of T (see (3.3) and (3.5)). For instance,

- _ 1

d = - d # 4 L

Vst = (pa — Pi) ud(pa) Y y5u(ps,) g + My (3.6)
1

_ _ VAN " / .

us (Pu — L) p(pu )y s(p5) My — T

We now briefly outline the procedure that has been followed in the evalua-
tion of the the weak-decay amplitudes, that correspond to the weak vertex in Fig.
1.1. The main assumption is that the invariant decay amplitude for the process
(baryon—baryon-+meson)

BB +M (3.7)

8 FIZIKA B (Zagreb) 10 (2001) 1, 1-64
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is factorizable as

(M, B'| Hegt |B) = —V2Gpsin 6 cos b > Ci(M|(V — A); [0)(B'| (V — A); |B),

(3.8)
where the currents (V' — A); account for both: (i) the creation of the meson state
|M) from the vacuum |0), and (ii) the transition between two octet baryons B and
B’. The character of the meson matrix element (M| (V — A)|0) depends on the
meson state. Namely, if M belongs to the SU(3) pseudo-scalar octet, only the A
part of the four-quark operator contributes. (When a vector meson is considered
only the V part remains.) For the baryon matrix element, both V" and A parts occur
giving PV or PC contributions. Baryon matrix elements are expressed in terms of
vector/axial-vector form factors vgpp /app which occur in the semileptonic baryon
decays. These form factors are expressible in terms of F' and D constants. The form
factors are given in Table 3.1.

Table 3.1. Nucleon vector and axial-vector form factors; F' = 0.461 + 0.014,
D =0.798 £ 0.013.

BB’ | SU(3) content | vy ann

n p 7= 1 F+D

nn 70 —1/v2 | —[1/V2|(F + D)
P p 70 1/vV2 | [1/V2)(F + D)
P p s 3/vV6 | [1/V6|(3F — D)
n n s 3/v6 | [1/VE](3F — D)
n n T 1 F-D

nn dd 2 2F

n n M 3/V3 | [1/V3|(3F - D)
P p mn 3/V3 | [1/VB|(3F — D)
Ap K~ —-3/v6 | —[1/V6](3F + D)
A n —KO —3/v6 | —[1/V/6](3F + D)

Here we define
(B'|VI|B) =up (0 )y v prus(p) (3.9)

and

(B'| A |B) = up (P )V 1505 prus(p) - (3.10)
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A very important ingredient in the above outlined calculation is the knowledge of
the meson matrix element. For the pseudo-scalar (PS) mesons (7, 7, K), this ma-
trix element is evaluated from the partially conserved axial-vector current (PCAC)
hypothesis [8,9,11]. In the case of vector mesons, it is obtained either from the
current-field identity (CFI) [19,29] or from the meson-nucleon o—term [30-32].

The PCAC hypothesis is based on the divergence of the axial-vector current

_ 2@
AG = oY, (3.11)

where A, is the well known SU(3) matrix [9,26]. The divergence of the operator
(3.11) is applied to a (physical) state represented by a ket (or bra), i.e.

0, ALJ0) = ifymZ6"0) (3.12)

As the form of the meson matrix elements is given by (3.8), the ¢® operator has to
create a state | M), i.e.

0, AL|0) ~ |M). (3.13)
The axial vector current (3.11) transforms as

Ao

Ay ~ M) ~as

q. (3.14)

That gives
. — )\a+ib

a+1ib M
175 1 |M)
1

1+i2 —Qﬂd |7 t) (3.15)

1-i2 L3 |77)

—1 —du T

V2

Here the combination which transforms as ud creates the |71) states and annihilates
the |77) state. Usually, such field is denoted as ¢,-. Proceeding in the same way,
one finds

8, AL10) = L2 fom2|n0) DAY 5|0) = famZ|mt)
AL _5|0) = frmZlm™) Al i510) = frmi |[KT) (3.16)
Du Al 1710) = frem3|K°) 0, ALI0) =2 fym3n).

The above relations enable us to relate the following matrix elements

_ - V2, -
([ @775010) = = (7] dy5d [0) = =5 (7~ | dyuysu 0) (3.17)

10 FIZIKA B (Zagreb) 10 (2001) 1, 1-64
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etc. As an example, we list the separable contribution

(m7p| Het |A) = —V2Gp sinfc cos O > Cy(n | T} |0)(p| JI |A) . (3.18)

Particular forms of J!* are to be read from (2.3). For example, the first operator
01 gives
(r= [ T 10)(pl T |A) = (7~ dryuur [0)(pl Try"sL [A)—

R (3.19)
—s(m~ [ dryuur [0)(plaLy*sL [A) -

Here the second term was obtained by the Fierz transformation while the first one
was directly read from (2.3). The final result is

(w1 T 10MpI I A) = 5 (= 1) (7 | duyuysu [0)(pl @y (1 = 75)s [A)

= —i ;j;é(m/\ —my)Up(1 —y5)ua -

(3.20)

4. Baryon pole contributions

The PC amplitude B gets a part of its contributions from the baryon pole terms,
which are represented in Fig. 4.1 for the case of the A decay.

() ()

| |
| |
| |
! s! W

3 > > - ]
Ap;))  n(py+q) p(p,) Apy)  Z%(p-9) p(p,)

»
»

W S
L

Fig. 4.1. Contributions of baryon-pole terms: (a) s-channel and (b) u-channel.

In order to illustrate the calculation of the baryon pole, we treat now a particular
example in full detail. Two possible A-decays, which almost fully saturate the A
width, are

AJ: A —n4+7a°
(4.1)
A9 AV —sp4+a.
After assigning the momenta to incoming and outgoing particles, i.e.
A(p1) ? 7 (¢) +XF(p1 — q) W’ p(p2) (4.2)

FIZIKA B (Zagreb) 10 (2001) 1, 1-64 11
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we calculate the Feynman amplitude relative to the u—channel, employing the
matrix element (5.26) as follows

(P —4) + my

u(p2) as+ Y5952+ - AW(P1) - 4.3
) PIN) (p1fq)27m% D) A( ) ( )

Here gy p is the strong coupling constant listed in Table 2.2. Since p; —q = p and
p% = mg, we get
mp +my

my —my)(my + my)

u(p2) axp ( Ysgsmau(p1) - (4.4)

The result for B(A?) amplitude, including both the u and s channels, is

A+ AAn
i + gnﬂ'*p

POLE A0\ __
B (A_)79A2+7T72+—p n—A

(4.5)

In the soft pion limit, which is used to determine the a,; amplitude (see Sec. 5
below), the B amplitude has to vanish. This imposes the condition that implies the
subtraction of the soft amplitude BFOFE(¢? = 0), i.e.

BFOLE(42) _ BPOLE(()) = BPOLE (of Egs. (4.7) and (4.8)). (4.6)

Here ¢ is the pion (K, n) four-momentum. In Ref. [3] only BFOLE(¢?) was used,
which explains some numerical differences that appear in the Tables 7.1, 7.3 and
7.4. We find:

_ axp d _ %An ftd
B =200 [ e va om0
BPOLE(79) — —\%BPOLE(AQ ). (4.8)

In the above expression, the following notation is used for the masses: A = my,
p = my, etc. Recall also that f +d = 1, so only f’s appear in (4.8). (See Table
2.2.) In the same fashion, one can use the diagrams shown in Fig. 4.2 to calculate

B(A): | (q) | 0(q)
| |
| |
W s! s! W
| — ' » » » s | » »
Ap;)  Nn(py*a) n(p,) Ap)  Z%p-9) n(p)
(@ (b)

Fig. 4.2. Contributions of baryon-pole terms: (a) s-channel and (b) u-channel, for
the 7% emission.

12 FIZIKA B (Zagreb) 10 (2001) 1, 1-64
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If one calculates BFOTF(A®) using unsubtracted expressions, one obtains
BPOLE(AY) = 30.97. That can be compared with the result obtained using (4.6)
which is shown in Table 7.4.
| K*(a) | K*(q)

I I
I I
s! w s!

—
p(p) T () p(p) A9 n(p,)
Fig. 4.3. Pole diagrams for the proton nonleptonic decay: p — nK™.

lKO(CI) I K%aq)
I I
I I
w s! s!
n(p)  Z(p,-0) n(p,) n(p,) N(p, -0) n(p,)
Fig. 4.4. Pole diagrams for the neutron nonleptonic decay: n— nK?°.

lKO(Q) | K°(q)

I I

I I
W s! s! W

p(p)  ZTp-0) p(p,) p(py) =py+a) p(p,)
Fig. 4.5. Pole diagrams for the proton nonleptonic decay: p — p K°.

The diagrams in Figs. 4.3, 4.4 and 4.5 illustrate the weak kaon vertices, and the
corresponding analytical expressions read:

BROVE() = glp+n) (1= 2f) pgr— s = (14 20) i
(4.9)
POLE _ 1 aAn o ason,
BEOLE(0) — 94y, { [ \/g(l + QfII s (-2 n2} (4.10)
BROE (pf) = 4gp(1 — 22— (4.11).
302 _ 2

FIZIKA B (Zagreb) 10 (2001) 1, 1-64 13



BARBERO ET AL.: HYPERNUCLEAR POTENTIALS AND THE PSEUDOSCALAR MESON ...

Here, for instance, is (see Sec. 5):

axo, = f,r\/iA(Z:), etc. (4.12)

o @
| |
| |
w s! s/ w
- ] > - ">
N(p)  n(ps+a) n(p,) N(p) N(p+9) n(p,)

»
>

Fig. 4.6. Baryon pole 1, emission: s—channel and u—channel contributions.

The weak 7 vertices are given by: 1) the u—channel contribution which contains
the A° as the intermediate hyperon, and 2) the s—channel contribution where n is
the intermediate baryon. Thus, the strong vertices contain gaa, and gy, form-
factors (see Fig. 4.6). The analytic results are:

W) =20 - 02 (1-2) () a1

A+n rgan gNN 1
BPOLE (70 m M) — apn | - 4.14
n ( ”1) A—n( A n )(\/ﬁaA) ( )

The gann, and gywny, are strong coupling constants corresponding to the SU(3)
singlet 7.

In the numerical calculations (see Sec. 5 and 7 below), we will be using quantities
a;r instead of a;y introduced above.

5. Current algebra contributions

The calculation of the weak matrix elements by current algebra (CA) meth-
ods consists of several approximation procedures which lead eventually to simple
relations among transition amplitudes.

The S matrix element is expressed in term of in and out field operators where
[33,34]

d(x,t) ~ din(x,t) for t— —o0

(5.1)
d(X,t) ~ Pout(X, 1) for t— +oo.

(Here we ignore the renormalization constant appearing in front of the in/out-
states.) The initial particle state is of the form

k1, kysin) = al (ky)-...-al (k1)]0) (5.2)
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and the S-matrix serves to connect the in and out states

|k1, ..., kn;in) = S|ky, ..., kn;out) . (5.3)

The meson field operator ¢ 4 (x), for which we are going to use more handy notation
ie. pa(x) = Ma(z), could be expressed by the PCAC (3.16) as:

1
Mayip = maHAs+ib‘ (5.4)

Here, M is a Heisenberg field operator and, therefore, it annihilates a meson state

1 —ikx
<0| Ma-‘,—ib(w) |Ma/+ib/(k)> - k

(27r)32wke (5aa’5bb’) . (55)

Using the time-ordering operator 7, one can calculate the matrix element as
follows

(B'Ma(k; out)| Hyw (0) | B)

elk'zc -
- / At g (O ) (B T (0o 0) | B)

C K oo
=i, (1 T m, ) [ e (B T(0, A% () (0)] 1B)

Here Cj; depends on the particular PS-meson. The time ordered product can be
written as 7 [A(x)B(0)] = 6(x°)[A(z), B(0)] + B(0)A(x). From

(5.6)

lkxe(q:o)auAngib(x) = oK [eilme(x )AZLJrib(x)] - ik:MH(mo) lkxAZ+1b< )

(5.7)
— [008(x0)] lkwAZ+1b(x)

and using the derivative of the Heviside function

0 0
8t0(t) = 8t9(—t) =4(t), (5.8)
we find
T, Al (x)Hw (0)]
= —ik el’”T[Aff+lb( ) ( )] = 8(z0)[Ag 33 (), Hw (0)] (5.9)

+a {elkIT a+1b }
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Hence, we can write the above matrix element in the following way

(B'M 4 (k; out)| Hw (0) \B)

C(M o 4;Ij ikx i
% (1- % ) [ (BT W 01B) (5.0

—0(2°)(B'[ [AG 13 (x), Hw (0)] [ B) }

By taking the limit k — 0 (soft pion limit for off-shell pions), we get a typical CA
relation

.C -
Mg = 0) = == (B'| [F43(0). M (0)] | B) = iATp up. (5.11)
Here the SU(3) (axial) charge is defined by
F i) = [ 2 42,0(00). (5.12)

The following CA relations hold [9,13,24]

[F2 i Hwl = [Fativ, Hip']
[ a+ib? HP } = [FaJriba HII/?/V] (513)
[ a+ib> HP ] = [Fa—i-iba Hﬁ/c] .

Here F,,5’s are (vector) charges defined in the similar way as F?, s, (5.12) i.

Fa+ib = /d [L'VJrlb(t X) (514)

In order to evaluate the above commutator, we can use the SU(3) transformation
properties of the axial charges and field operators

Moyiip ~ 5%(/\1 +1iAb)75q ~ \/§F¢?+ib and

(5.15)
Ma|B) =ifapc|C),

where fapc are the SU(3) structure constants and q7 = (u,d,s) (T stands for
transposed!). For instance, for the K field we have

Moiiv — ¢xo ~ V2P gor = V2Fs_i7 ~ G ()\6 —iA7)Y5q - (5.16)

The above field anihilates a K® in | ) or creates a K in ( |. Also, ¢px+ = vV2Fy_i5
etc. Thus, using the here displayed procedure, we were able to extract the current
algebra contribution to the matrix element M.
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The SU(3) properties can be also expressed using the SU(3) baryon (antibaryon)
B (B) and meson P octet matrices

0 A0
— 4+ — »+
e oo
by A
By = ¥ -——=+—= n
b V2 Ve
== =0 _E
V6 (5.17a)
U _ _
= 2 T+ ==
V2o Ve
_ 50 A0 _
By = s+ -—=+—= &
’ V2 V6 o
_ _ 2A0
D n —%
and
70 7P
T o+ K+
V2 V6
a — 7T0 770 0
- 0
K- KO _2i
V6
One can also write
ot = %(31 —iBs) p = \%(34 —1Bs)
£7 = J5(Bi +1By) n = J5(Bs —iBr) (5.180)
20 = Bj E” = 55 (Bs+1Bs)
A0 = Bg =0 = %(B(; + iB7)
and
= (P —iP) K* = —5(Py —iPs)
m = 5P+ iPy) K° = J5(Ps —iPy) (5.185)
70 = Pj K~ = 55 (Py+1P5)
ns = Py K0 = 75 (Ps +1iP7)
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The quark SU(3)gavour contents of the baryon and meson octet states are:

>t~ uus p ~ uud
X" ~ dds n ~ udd
(5.18¢)
Y0 ~ uds =7 ~ dss
A° ~ uds =0 ~ uss
and
7t ~du Kt ~35u
T ~ud K% ~3d 5 184
70 %(ﬂu—ad) K~ ~us (5.18d)
78 N%(ﬂu—&-ad—ZEs) KO ~ds
The U(3) isosinglet field 7y is given in terms of the U(3) Ag-matrix: Ao = /21,

i.e.m ~ (Wu+dd+35s)/V/3. The quark-antiquark combinations could be inverted
and be expressed in terms of corresponding meson states, i.e.

T =7 (%5)\8 + Y80 4 %)\3) q
uu — %ﬁs +
g (2N + N 1N g

— YBpg 4 Ly — 270

=7 (—@Afﬁ + %/\0) q

S + G

8§
$s — —éns + ?771-

corresponding to

corresponding to
(5.18¢)

corresponding to

The SU(3) meson states can be written in the standard basis [9,35,36] as M) =

18; Y,I,1,), with Y = B+ 5. So

m+) = P20) =
7)) =Pi0)
7% = (P} - P3)[0) =
[K+) = P§|0) =
K% =P§0)
K" =P30)
|K~) = P3[0) =
) =—2Pi0) =

18

£ 0,1,+1)

. 0,1,—-1)

. 0,1,0)

. .1/2,1/2)
:1/2,-1/2)
:—1,1/2,1/2)
:—1,1/2,-1/2)
:0,0,0).

(5.18f)
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The corresponding SU(2) (iso)multiplets are

e-(5) T(E) (7 5
me() =-(2) w0l Ha)

Operators defined in (5.18a,b) act as annihilation operators. The SU(3) charges
F., F_ and F3 display the SU(2) group properties:!

(5.18¢)

WF. =l nlFs =Ll
Fy|=7) = —[29) R0 = 1) (5.19)
FS7) = VASY)  FL|SY) = —Vas).

The commutators appearing in the matrix elements M (5.11) determine the
transition amplitudes which are the current algebra contributions to A:2

AA%) = —fjiw [P O118) = =l HEE(0)14) = —ax, (5:20)
_ov2 c _
A(A) = 7 \/§< | [F3, Hiy” (0)] |A) = o, tan (5.21)
o 2 1 PC /] =— 1 PC =0 1
A(ED) = _ﬁﬁm' [Fy, Hyy (0)]|27) = _E<A|HW |=7) = _f:aE"A (5.22)
A(Z) = —\/%faEUA (5.23)
A(ZT) = \J{iagon (5.24)
. 1
AED =4 [am, n \/iam] (5.25)
ASH) = \/%faw. (5.26)

LOne has to be very careful with the definitions of the initial and final states and with operators
acting on these states. The usual definition which is adopted here is that operators annihilate the
corresponding particle state in the initial state.

2The above commutators do not contribute to the PC amplitude B. Only the pole diagrams
contribute as we have shown in the preceding section. Spinors u are usually omitted.
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These connections between decay amplitudes A and the matrix elements a;; were
used in Ref. [5] to determine a;; parameters which appear in the pole contribu-
tions, see Sec. 4 above. However, our parametrization is based on the more general
expression (1.1). For example, the extraction from the experimental data (see for
instance Ref. [16]) is done by using an equation like

1.
A(Ag)exr) = _JTU«An + A(AQ)SEP (5.27)

All our pole contributions (see Sec. 7 below) are calculated by using the values a;y
(see also Appendix H).

6. Pseudoscalar meson poles and separable contributions

The pseudoscalar meson poles contribute to the form factors which appear in
current matrix elements (gp(q?) in (6.2) below is one example). Thus, some terms
in separable contributions, discussed in Sec. 3, are also included in the meson pole
contributions, as illustrated in Fig. 6.1. But, proceeding with some care, the double
counting can be avoided. The separable contributions due to operators O1, Oz, Os,
and 4, as calculated in Sec. 3, are not included in the meson contributions.
However, the separable contributions from the operators Os, and Og are contained.
The pseudoscalar meson pole contributes to the parity conserving B amplitudes
only.

The separable PC contributions (3.8) arising from the operators Oy, O, Os,
and O, were evaluated using the product of axial vector currents A*(x)

(Bp| A% [Ba) - (La| Aj; [0) = B(sep) . (6.1)

Here, in accordance with (3.10),

(Bg| A%(0)[Bo)  =up(p) [v*1594(¢%)
(6.2)

+ (qz)qM'VS Laua(p),

1
7Mo¢ + Mj ap
where ¢ = p—p’, g4(0) ~ 1.25 and L, stands for a meson®. The results presented in
Sec. 3 were obtained by assuming that gp term can be neglected. It is important to
stress that the contribution due to the gp is contained only in the kaon-pole term,
as described below. Some useful definitions and conventions are given in Appendix
A.

The meson pole contribution to the process in which a meson L is emitted, i.e.

Be — Bs + L, (6.3)

3For B(A°) Ly =7~
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is shown in Fig. 6.1. P

.7 L(m)
Hy o
1

1

1
;@
1

//%\
By(p) By(A)

Fig. 6.1. gop stands for the strong vertex, and the weak Hamiltonian H,, contains
the current product (6.1). The particles in the process A — p + 7 are indicated in
the parentheses.

The amplitude shown in Fig. 6.1 corresponds to ¢ meson pole and reads?

BMP = (L|Hy |¢) 5——5——Ts75 LatiaGos - 6.4
< | u |¢>q2 — m?/) n iEU,B’YS UaGap ( )
After approximating

(L| Hu | ) ~ (L| A 0)(0] Al 6) (6.5)

and using both (i) the relation

gr(¢?) 9o fo(@®)
~(— 6.6

M, + Mg ( ¢>—mj "’ (6.6a)

given in the Appendix A, and (ii) feq" = (0| A" |¢), one can show that
1
MP N
BYF ~ (L[ A, 10) ug Mo, 9PquYsLata - (6.6b)

Thus, gp-contribution to the B(sep) is included in the M (pole) term. This means
that in evaluating separable contribution from the operators O, ..., O4, one
should include only the g4 form factors, as it has been done in Sec. 3.

The operators Oy and Og contribute with pieces which look like

Oz ~ (P175%2) (Y375%4)
(Bp| 17512 | Ba)#0 (6.7)
(L| 37514 |0)0.

BPOLE

4Here BMB is the contribution arising from the meson pole, while in Sec. 4 denotes

the contribution related with the baryon pole.
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Here 1); symbolize quark fields appearing in H,,. The corresponding BM¥ contri-
bution is obtained from (6.4) by the replacement

(LI Hyl|p)  —  (L[Oz|¢),. (6.8)

For meson pseudoscalar densities, one uses identities

Vst = #(—i)(aﬂﬂ“%%)

e (6.9)
- m(_l) (p —Dp; )1/1 Y VsPj -
Thus
h 1

B B.) = (—i{(Bs| 9, A*|B. Y ——

(Bg| Y7512 |Ba) = (—1)(Bg| 0, AL | a>(m1+m2)
2 (6.10)

q2 _ mi apfUp 5o ™ T s .

Here the notation ¢° was used instead of m3%,;. Thus, the separable contribution
corresponding to (3.8) has the generic form

fo@®

B:p(Sep) = (ml +m2)(q2 —

75 9asUaYs Lata (L] E375¢4 0), (6.11)
md))

where the ¢—meson pole is openly displayed. So, one expects that it must be
included in the BM¥ contribution. In order to test this assumption one again uses
the approximation (6.5) and writes (6.4)

BMP o~ (L 3v594 [0) (0] 1512 |¢> 2 GosUs7Ys Latle - (6.12a)

The first mesonic matrix element is

_ 1 . 1 .
(0] Yy v592 @) = m(*lxm 0, AL |¢a) = m(*l)qudw (6.13)
Thus,
fod® _ —
R [ gyt Latta (L2504 10 (6.120)

The approximation (6.12) is exactly equal to B, (sep) in (6.11) if one puts
=g (6.14)
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Alternatively and formally, one can compare the meson pole approximation
(6.12a) with the expression (6.11) making use of

fem? (018,41 |¢) . — 9 oo
mi+me  mi+ma i(0[ Y1512 | ) (@ = mab)' (6.15)

The insertion of (6.15) in (6.11) converts it into (6.12a). However, in that formal
procedure one has neglected the question about the meson ¢ being off-mass-shell.
Some additional details can be found in Appendix A.

In the derivation of PCAC constant, one has assumed that the meson ¢ was on
the mass shell. As that meson is not on the mass shell neither in the diagram in Fig.
6.1, nor in the expression (6.11), the reading (6.14) seems to be amply justified.
The separable contributions from operators Os and Og are included in the meson
(for example kaon) pole.

For the process
B, — Bg + M, (6.16)

one can now formulate the rule for the calculation of B amplitudes:
B = B(baryon pole) + B(sep) + BM?. (6.17)

Here B(sep) contains only the contribution from the g4 terms associated with the
operators O, Oz, O3 and O4. The gp terms for these operators and the separable
contributions from Os and Oy are included in the BMF piece. The contributions
B(baryon pole) = BPOLE were calculated in Sec. 4 while B(sep) can be found in
Sec. 3.

7. Weak baryon-baryon-meson amplitudes and theoretical
models

It is very important to test the quality of the approximate procedure which was
used to calculate A and B amplitudes. That can be done by:

(i) Comparison with other theoretical calculations,

(4 ) Comparison with experimental results.

The first task can be easily accomplished by studying the amplitudes corresponding
to n and K exchanges given in Tables 7.1-7.4. Parreno et al. [5] did not distinguish
71 (singlet) from ng (octet) exchanges. In their approach,  was supposed to belong
to the SU(3) octet. Our results for the octet n are fairly close to that of Ref. [5].
A, differs by about 8%, while the discrepancy for B, is 18 %. The origin of
those discrepancies is obviously connected with the separable and pole terms which
appear in our calculational scheme. As discussed in Sec. 3 and 4, they were not
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used or they were used in different forms by Ref. [5]. Our theoretical expressions
for A and B amplitudes were found using the values a;; (5.27). Thus, for example,
our theoretical expression for Ak (p) has the form

Ax(pl) = VBA(AY) + \%A(Z:{) + Ak (pf)sep =

VB i+ iy + A (1) =
— 7 0An T 570a% K\D41)SEP;

fr 2fx " *
while the values of Ref. [5] were obtained by using the first term in (7.1) only
with a;; instead of @;;. In view of that, the agreement within 18 % suggests that
the employed methods are relatively stable and, hopefully, reliable to within about
20 %. That is the accuracy that was hoped for in the theoretical descriptions of the
hyperon nonleptonic decays [8-15].

Detailed comparison of our conventions and units with those used in Ref. [5] is
given in Appendix I. All numbers, shown in Tables 7.1 - 7.4 are “translated” from
Ref. [5]. As discussed in Appendix I, the same goes for Ref. [22], too.

Table 7.1 - Transition amplitudes without the 10~7 factor: [BHKNT]= present
work: (a) a complete amplitude; (b) an amplitude without the separable contri-
bution (this work). The asterisk ) denotes that the experimental amplitude was
used instead.

Amplitude Exp. BHKNT(a) | BHKNT(b) | Ref. [5]
A (A%) 3.23 +0.02 3.25() 2.97 3.28
B (A%) 22.04+0.5 22.35 19.38 22.25
AL(AY) | —2.37+£0.03 | —2.36%) -2.10 —2.32
Br(A9) ~15.94+1.4 —15.93 -13.70 ~15.80
A(2F) | —3.26+£0.11 | —3.270) -3.71 -
B.(2F) 26.7+1.5 18.09 18.04 -

A (2D) 4.27 +0.02 4.27%) 4.60 -
Br(22) ~1.4+40.2 —7.46 -5.39 -
Ak (p}) - 2.81 2.52 1.68
Bk (p}) —~ 42.38 34.38 41.77
A (nd) — 6.25 6.25 6.30
Bk (nj) - 17.99 21.56 27.12
Ak (pd) —~ 4.08 5.25 4.62
Br(pd) — -21.87 -14.59 -14.65
Ap(A9) - 5.60 5.54 -
By(A9) - 41.10 26.09 -
Ay(AS) — 5.19 5.54 3.98
B, (AY)) - 38.41 28.82 31.60
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Table 7.2. Comparison between transition amplitudes (in 10~7 units, w.o. dimen-
sion) as given in [5] and this work. A complete amplitude includes a separable
contribution. ) A, = A (A%), etc. - see Table 7.1.

Ref. [5] Total Ampl. Ampl. without SEP
AL 3.28 3.25 2.97
B . 22.35 22.27 19.38
A, - 5.60 5.54
Ay 3.98 5.19 5.54
By, : - 41.10 26.09
By, : 31.60 38.41(m32) 28.82
CEV 1.68 | Ax(pl): 2.81 2.52
CcEC 41.77 | Bi(pd) : 42.38 34.38
DEV . 4.62 | Ax(pf): 4.08 5.25
DEC -14.65 | Br(pg) : -21.87 -14.59
CEV+DEV: 630 | Ax(nd): 6.25 6.25
CEC +DEC . 2712 | Bg(nf): 17.99 21.56

Table 7.3. Nonleptonic amplitudes (x107); T this work, compared with rescaled
values of Ref. [22] and [5].

Amplitude | Tot. ampl.T | Ref.[22] | Ref.[5]
Ax(pd) 4.08 2.84 4.62
B () -21.87 -5.61 | -14.65
Ax(pT) 2.81 0.76 1.68
Bk (p1) 42.38 23.19 | 41.77
Ag(nd) 6.25 3.60 6.30
Bg(nd) 17.99 19.86 | 27.12

The amplitudes appearing with the kaon strangeness violation vertices are com-
pared in Table 7.3. For Ak (pg), AK(pI) and A (nd), the differences are small,
below 25 %. They are much larger for the corresponding B amplitudes. Obviously,
this is due to our usage of the subtracted pole terms (4.6) instead of the unsub-
tracted ones which were used in Ref. [5]. The absolute value of B (pg) amplitudes,
as calculated by [22], is about 3 times smaller than ours. However, the signs are
the same in all cases. If Bx (pg) is excluded, the largest discrepancy is about 21 %.
Our result for By (pg) amplitude differs from Ref. [5] by about 35% only.
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Table 7.4. Nonleptonic p—wave (parity conserving) amplitudes (x107); T this work.
*Contributions from operators @1 — Oy; ” Contributions from operators Os.6.

Ampl. | Bexp. BPOLE) Sep. | Mes. | Tot.t Pole Sep. Ref.

x107 (A) | (1-4)*| pole | amp. (5-6)° [5]
BW(AQ) 22.0 19.38 4.79 -1.9 | 2227 | 23.03 6.98 | 22.35
Br(A%) | -15.9 | -13.70 | -1.03 | -1.2 | -15.93 | -16.28 | -3.68 | -15.80
B.(xf) | 422 48.73 — — | 48.73 | 37.68 - -
Bﬂ(E:{) 26.7 18.04 | -0.45 0.5 | 18.09 | 15.85 -1.62 -
B.(¥0) -1.4 -5.39 -2.17 0.1 -7.46 -8.83 -2.79 -
Br(29) | -12.2 | -12.67 | -029 | 0.3 |-12.66 | -11.28 | -1.05 -
B,(20) 17.5 17.45 -1.40 0.4 | 16.45 | 15.97 -1.94 -
Bk (p}) - 34.38 -7.5 | 15.5 | 42.38 | 47.60 | -138.6 | 41.77
BK(pa') - -14.59 0.12 -7.4 1 -21.87 | -12.99 | -11.76 | -14.65
By (n9) ~| 2156 |-1097 | 74| 17.99 | 2458 | -57.03 | 27.12
By, (A9) ~| 2609 | 1.16|13.85 | 41.10 | 28.16 | -130.8 -
B (AD) - 28.82 | -6.76 | 16.35 | 38.41 | 31.10 | 762.36 -

Comparison with experimental results is, and can be, performed in a limited
sense only. The experimental A, amplitudes are used to find @p/p matrix elements
via a subtraction procedure described in Sec. 5. Those @/ quantities are then used
in baryon pole terms which were defined in Sec. 4. Together with separable contri-
butions and kaon poles, they lead to the theoretical prediction of B, amplitudes,
which are shown in Tables 7.1 and 7.4. Reference [5] has used simple, unsubtracted
pole terms as was discussed in Sec. 4. More complicated and, hopefully, better
approximation leads to a somewhat better agreement with the experiment in most
cases. According to Table 7.4, one finds that discrepancies with experiments for var-
ious amplitudes are as follows: B, (AY), 6%, Bx(AJ), 2%, B(X1), 14%, B.(Z7),
48%, Br(Z9), 4% and B,(ZZ), 6%. While B,(A) and B(Z) amplitudes are re-
produced within 6%, the theoretical prediction for B, (X) is poor. Our theoretical
B,(XZ) amplitude is off by the factor 5.2. However, the corresponding numbers,
which were found using a simplified approximation, analogous to the one applied by
Ref. [5] are: B;(A%) 44%, B (A9) 42%, B.(XT) 35%, B.(Xd) 3times too small,
Br(Z9) 1%, B(2Z) 1%, and B,(XZ) disagrees by factor 6.3. Thus, for most am-
plitudes, simplified approximation gives poorer agreement with the experimental
values.

There were always some difficulties associated with the theoretical description
of the X-hyperon nonleptonic decays. Attempted explanations involved additional
1/27(1/2%) baryon resonance poles [37-40], instantons [41], decuplets [37] etc.

Overall, one feels that the first column in Table 7.3 might constitute a better
approximation of the real physical results, than given by the last column. No theo-
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retical comparison with Ref. [22] is feasible, as that reference uses a quite different
method of evaluation. However, it is encouraging that all methods give similar rela-
tive magnitudes and relative sign. The worst disagreement is for Bx (pg ). However,
Ak (pl) agrees within 14%. If the agreement among various theoretical results is
an acceptable indicator, one could say that A (N) amplitudes are determined with
better accuracy than the By (V) ones. A skeptical observer would claim that the
results presented in Table 7.3 are the order of magnitude estimates at best.

Our method has produced both Al =1/2 and AI = 3/2 pieces in the effective
potential (9.6). In the formula (9.11), these pieces are written separately, with
isospin operators 1 -1 and 7; - 7; for AT = 1/2 and T;7; for AT = 3/2. However,
AT = 3/2 pieces are small and their magnitude is comparable with the theoretical
errors which were discussed above. This can be starkly illustrated if one calculates
the AT = 3/2 piece, associated with the A — N7 weak amplitudes. One finds

By (A% )exp + V2B (AY)exp = 0.32 x 1077, (7.2a)
This experimental AT = 3/2 piece has a different sign than the predicted one:

B (A%)grrNT + V2B (A BHKNT = —0.26 X 1077, (7.2b)

The effect is due to the subtraction of large (relatively speaking) numbers. Yet
By (A)exp agrees within 6% with B (A)suknT. The same degree of agreement is
shown by B(Z) amplitudes. But in that case AT = 3/2 pieces B(E7) + v2B(E9)
are 0.013 x 1077 (exp.) and 0.018 x 107 (theor.).

In the deduction of the nuclear potential (9.11), we have used, naturally, the ex-
perimental B, (A) value. Thus the whole discussion, involving the theoretical B, (A)
and B, (E) values, serves as an indication for theoretical uncertainties connected
with the predicted Ax(N) and Bg(N) (Table 7.3) values. It is hard to quantify
those uncertainties. While the theoretical AT = 3/2 piece, connected with B, (A)’s,
has wrong sign (but its magnitude is comparable with the experimental value) the
Br(E) based AI = 3/2 piece agrees with the experimental value within 40%.

The comparison between our results and those of Ref. [5] is discussed in Ap-
pendix I.

In a future study one should also consider the contributions of the SU(3) decu-
plet poles, which were recently employed [37] to describe the hyperon nonleptonic
decays.

8. Effective field theory and the weak |AS| =1 potential

Instead of starting with quarks (u, d, s), we present the formalism in which the
baryons (N, A) and the mesons (7w, K, 1) appear. Such an approach facilitates
the derivation of the effective potential presented in the next section. We will start
with m—exchange contribution.
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The process under consideration is

A+N=SN+N;  N=(?P). (8.1)
n

The typical diagram contains one weak and one strong vertex, as shown in Fig.
1.1. In the perturbation calculation this diagram can be deduced from the effective
interaction Hamiltonian (8.2)

Her =1 [ d*a 1), (2)Grm2(A — 75 B)Ya(z)dro(2)
+1 [ d*a 9, (2)Grmi(A = By (@) bt (x)
+ genni [ dre iy (@) 3TN (), (2) (82a)
=Hw o +Hw o+ + Hg
= [ d*z (ho(z) + h(z) + hs(x)).

The last term in (8.2a) is the strong nucleon-pion interaction, which can be written
as

Hs =igann [ d* 2Py (@) 570N (%) dr, (2)
=igznn [ Az { [, (@) 150 (x) — V0, (2) 1500 (@)] dro(x) (8.20)
V2, (2)75 0 (2) Pt () + V20, (2)750p () r— (1) } -

Frequently one also writes

Gppn® = — YGnnxO = JgnNN (826)

Ipnrt = Inpr— = \/ﬁgﬂ'NN

The diagram Fig. 1.1 arises from the quadratic term

HesiHerr = [ Aty d*aa[ho(x1) + hoy(21) + hs(x1)][ho(22) + by (22) + hs(22)]
= fd4,fL'1 d4$2[h0(£€1)h5(1’2) -+ hs(xl)ho((tg)

+ by (@1)hs(x2) + hg(@1)hy (z2)] + R.
(8.3)
Here only |AS| = 1 terms are shown. The part R contains the strong pion exchange
such as

/d4$1 d41‘2 hs(xl)hs (1‘2) . (8.4)
In the terms shown in (8.3) the pion field contraction can be carried out. This leaves
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us with an effective baryon-baryon (i.e. A+ N— N + N) interaction. For instance,

Vop = fd41'1 d41'2 : [¢ﬂ0 (1'1)(;571'0 (x2)an(xl)GFm?rA(A8)d}A(xl)
L 1

(8.5a)
GaNNU, (22) V500 (22) : +similar terms of the same type.
One can replace:
/d4.’£1 d4l‘2¢)ﬂ0 (’Jll) (,Zsﬂ.n ($2) h— /del dSIIZQ A(]., 2) . (85b)
|

Here A(1,2) is the pion propagator. The integration over time components goes
into the overall energy conservation. In order to do this, one assumes that all baryon
states are stationary, i.e. that baryon operator is of the form

P(z) = Zaz— e Bt/ (r) . (8.5¢)

More about this issue can be found in Appendix G.
The final result for V,p, is

Vop = [ d%a d3$2{ [—gann:t, (21)GEmZIA(AY) — B(AD)s]¢a(21)
-y (22)750n (€2):A(1,2) + (1 < 2)]

+9xN N, (1) GrmZ[A(AG) — B(A)Vs]voa (1) - b, (22) 759 (22):A(1, 2)
+(1<2)
+9xn N V20, (21)GrmZ[A(AY) — B(A )ys]ta (1) - 1y, (w2) 505 (2):A(1, 2)
+(1e 2)]} .
(8.6)
Here the first two terms contribute to A +n — n + n, while the rest contributes to
A+ p — n+ p. The notation : : indicates the normal ordering.
In the nonrelativistic limit we have:
Xa
b | oo |- (8.7)
B Xa
mq

where x, = X,(r) is the single particle wave function. All our conventions regarding
spinors, y—matrices etc. are those used in Ref. [33]. From the expression (8.6), we
can see that there are two contributions to the weak-strong mixing amplitude whose
space-time properties are determined by the Lorentz structure of vertices. The
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structures of the first and second amplitudes, displayed in Fig. 8.1 are, respectively,
[v5(S)] @ [1(W)] and [75(5)] @ [ys(W)].

N N N N
1 M Y5 5 m ¥s
W ——————1 S WER-———————— *S
A N A N
Scalar (W) - Pseudoscalar (S) Pseudoscalar (W) - Pseudoscalar (S)
coupling coupling

Fig. 8.1. Two different weak (W) - strong (S) combinations for the OME amplitude.

Two different contributions are treated on the same footing. In the nonrelativis-
tic limit, given by (8.7), we can write (to leading terms in 1/my)

Path1 = (x§x1), scalar (8.8a)
_ 1 ;
Yaysthy ~ | —— ) x3(0-q)x1, pseudoscalar (8.8b)
2mN
Yoy Y5y X};(Ui))ﬁ , space comp. of an axial vector (8.8¢)

— 1
V370591 =~ (27711\/> X;(a-pl +0-p3)x1, time comp. of an axial vector (8.8d)

. 1 . .
Y3y ~ <2) X};(azo- “p1+0-p3c’)x1, space comp. of a vector (8.8¢)
my

D37°U1 ~ xhx1,  time comp. of a vector, (8.8f)
where q = p1 — ps-
From
302 2 -1 _ 1 iqr € "M 3
@Cm) (g +my) " = E/elq' . d’r, (8.9a)
one gets
A % Le ™ b
) =V() = —— 8.9
(01— ral) = Vi) =~ = (s.90)
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i.e. the well known Yukawa potential. As discussed in Appendix G the mass de-
pendence can be more complicated than given in (8.9).

For the vertices of the form [y5(S)]® [v5(W)], we get a baryon-baryon potential

—mmr
e M

V(r) ~(o1-Vi)(o2-Vs) ; (8.10)

r

where r = |r; —r|. By using some of the identities given in Appendix G, we obtain
four different contributions (in the coordinate space) for the effective potential

1 [m?2
V- — - | IIM —mpr )
o 3 [47rre (T)]
1m?2 3 3
Vi == Mg—mur |q 8.11
T 3 dmr [ * mayr + (mMT)Q} (8.11)
1
o =it (14 1)
47r myr

If the weak decay A — N + 7 obeys the isospin selection rule |AI| = 1/2, then
it is possible to establish the relation

5 :_\/i; (F:AvB)

A N 812
A ~A —n+70.

With f = Gpm2(A — B~s) one can write
Vop = [’ d3l‘2{9wNN@n($1)f¢A($1) [~ (@2) Y5t (22)

+ P, (z2)y5tp(2)]:A(1, 2) (8.13)

—29xN Ny (1) fYA (21) - U, (22) 5 1p (22):A(1, 2)} +(1<2).

The bilinear combinations, which contain 5 and which are associated with the
strong vertex in Fig. 1.1, can be written as

aNTS"/)N = @p% - %ﬂ/)n; JNT-&JZJN = api//n . (8'14)

The |AI| = 1/2 weak Hamiltonian transforms as the Pauli spinor

x 2 = (?) (8.15)
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Such spinor is sometime known as spurion. Thus the bilinear combinations con-
taining A field can be written as

wNTS<?)wA (%,wn)(é _01) (?)w

= (=)¥, .

OnTT <(1)>¢A = (Vp, V) (8 (1)> ((1)>7/1A

=1,

(8.16a)

Formally, one can assume that A—field is a quasi-spinor

Yan = (wOA> : (8.160)

For a future purpose, we also introduce
Yy = THrn = (%A) . (8.160)

Employing the spurion formalism, one can write the first term in (8.13) as

Vop(1/2) ==, [ 321 322 gann : Yy (21)7i foan(z1) (8.17)
-y () Tivs YN (22) ¢
where the relations
(7) (ENTBQZJATL) (JNT?)@Z)N) =+ (@d’A) [Ep’l/)p - En’l/}n} (8 18)
(42 (OnTTPan) (OnT-N) = =2 (bta) (¥, 0p)
and
ZTliTZi =7 T =107 + 20T ) (8.19)
have been used. This constitutes the |AI| = 1/2 part of the potential V.
One can add the |AI| = 3/2 piece (see Appendix C)
Von(3/2) = A3z d3z9 gx sy (T
p(3/2) th 1 2 gxnN PN (21) (8.20a)

-T{”X’f}Q hipp(xq1) -@N(xz)Tﬂs(ﬂN(@) o)
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where
h = Grm?2(A— Brys). (8.200)

The magnitudes of A and B, as well as their relative signs with respect to A
and B (8.2), are calculated theoretically in Sec. 7 and Appendix D. Here

Un(z) = (ffz((i%) (8.20B)

Xy — (é) (‘f) (8.200)

are isospinors, while ¥, () is an isoscalar.
If one calculates with nuclear wave functions, then the potential can be obtained
from

and

Vop = Vop(1/2) + Vip(3/2) (8.21)

by omitting the baryon fields ¢5 and . Thus,

Vop =V = (=)gann(f)1(75)2T1 - T2 + gnn (h)1(75)2 (TT 'Xi’?z(l)) ~T2. (8.22a)

The notation
T - xT/Q(l) (8.220)

means that in the actual calculation of this term one has to associate an isospinor
X7)2(1) with the A particle, which is also in the position z1. (Therefore, (8.22) is

not symmetrized.) In the first term in (8.22a), the A particle, which is neutral like
neutron, automatically has the spinor X1_/12/ ?(1). The second term in (8.22a) must
be read as

roton : 12tpl/2 172 or
NYTTNT )72 — ® o e j/z 2 (8.230)
(neutron:) x~Y2T; T TYV2m
with
Trl/2 3/2-1/2 —
_ tr—1/2 _ ~3/2-1/2
VTN = 0101/271/2&1) T2 (8.23b)

tl_1 STy = %(1,—i,0)(7’1,7'2,73) =27

0 ;]
tl’TQ =Ty,

where Cf 4 21% . is the Clebsch-Gordan coefficient.
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The notation in equations (8.23) can be understood without the explicit refer-
ence to isospinor x77,(1). (See also Refs. [42,43], formulae (2.29) and (2.43): their

T = T'(ours).) One can write
Dy (@) Ty (a2) (8.24)
In isospin formalism, that means
™1 (1/2)TAM (3/2) . (8.25a)

Here x and A are I = 1/2 and I = 3/2 spinors, with the projections ms and M.
The actual values of these projections are

ms = £1/2 for proton, neutron

M =-1/2 for weak transitions.

The transition isospin T is defined by its matrix elements®

1r1/2mg"t

8.25b (T1),, oy = 3 O30 tr (8.25b)

Our final results, in the isospin dependent formalism, are displayed in Sec. 9. Some
formal details are explained in Appendices C and D.

9. The resulting effective potential

All previous results can be collected in the form of a effective strangeness-
violating potential. As already stated, the main aim of this paper was the derivation
of such potentials, which will be presented in the form suitable for the usage in
nuclear theoretical calculations.

Methods described in Sec. 8. and Appendices A and G allow construction of
the strangeness-violating potential which corresponds to the exchange of the pseu-
doscalar mesons 7, K and 7. Its radial dependence is described by

—mmpmr
e M

Ve(M) = 4drr (9-1)
_ LM e
Vs(M) = 5 | Tt 5(r) (92

50ther details are given in Appendix C.
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1 m? 3 3
V(M) = - M emmur | — 9.3
(M) 3 dmr © [ + mpr + (mMr)Q] (93)
my 1
M)=—e ™M" (1 4+ —— M= K . 4
Vev () = e (14 ) (= k). (00
According to Appendix G, one can replace mys by epr = [m3; — (my —my)? /42
There is a simple derivative relation between different radial functions, i.e.:
0
_EVC = Vpy (0.45)
o 1o o1 9.4b
Z 22| =3V = —3= |=Vpy| .
or [7’ or C] r or [r PV]

The above radial parts get multiplied by spin-isospin components of the weak-
strong vertices and the numerical values of the corresponding amplitudes are given
in Sec. 7. Therefore, the generic forms of the potentials will be:

Vo — Ve -0 (9.5a)

Vs = Vs({m, K,n}) (o1 - 02) {Br, Bk, By} (9.50)
Vr — Ve({m, K,n}) ($12) {Br, Bx, By} (9.5¢)
Vey = Vev({m, K,n}) (F-02) {Ax, Ak, Ay}, (9-5d)

with the notation: Sio = 3 (1T o2 T—071-02/3).

The effective potential can be written in two different (but equivalent) ways:
the first version displays the particle content of the potential, whereas the second
one shows more explicitly its isospin structure. The particle content version has
to be written in such a way that the particular channel of the A—N interaction is
specified. On the other hand, the potential that is an operator in the isospace can
be applied to both channels.

For the A + p — p + n channel, the particle content of the potential is:

V(E)A popn)] = Ve (r) - 0+ Vi(r) 4 Va(r) + V3(r), (9.6)
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where
Vi(r) = (o1 - 02)
x{Vs( ) INNm (2@—1—

2mpy(ma +mpy)

np)2(PA)1 + (7p)1(PA)2]

l\.’)\»—l

)

B
gNN~
(mA) A
sy (- ) (7A)1 + (Bp): (M)

IKA 2
2mN(¢rIL(AJ_T_mN) (VS(K+)(C+6 [((mp)1(PA)2 + (7p)2(PA)1]

FVs(KO)(d+ )51 (A)2 + (pp)2 ()]

2mN(m/1\ +mp) (Vs(m) gmNNf%[(?Pb(ﬁA)l + (Pp)1(TA)s]

FVs8) - g NG5 [(PD)2 () + (P)1(7A)e] )}

‘/Q(r):+§12
x{Vip(m) 5 — P )(mﬁé)1[<np>2<pA>1+<np>1<pA>2}

2mpy(ma +my 2

V() o )(—a+ \/§6>§[<pp>2<nA>1+<pp>1<nA>21

2mN(mA +my

JKAN o1 3 B -
2my (ma + my) [V (K1)(E+ 6)5[(’/1}))1(])1\)2 + (p)2(PA)1]

FVr(KO)(d -+ )3 [(Fr) (TN + (F)2 (A )]

1 R -
2my(ma +my) ([VT(m)g’hNNfi[(Pp)z(nA)1 + (pp)1(MA)s2)

PV 008) g5 [(F0)2 A + (Fp)s (3A)a] )}

Vs(r) = Vpy (7) ‘;Zl N; <2a + \/g b)

INN= 2
V — -b
+Vpy () S ( a -+ 3 )

—_

5[=(o21)(p)2(PA)1 + (018) (7p)1 (PA)2]

N |

[—(o28)(Pp)2(MA)1 + (018) (Pp)1 (WA )2]

DN =

AN (1 () e+ )51 (o28) D) (P2 + (28) p)a(PA)

FVpy (KO)(d + €) 5 [~(028) (pp): (70)2 + (048) (P2 (A1)
b5 (Vv (m) gy w3 [ (@20)@p)a(TA): + (018) (o) (7))
mn

Yy (1s) gran g [~ (028) BD)2(TA)1 + (048) @)1 (70)e] |

—_
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Here the quantities a, b, ¢ etc. are combinations of the weak nonleptonic ampli-
tudes, and are defined in Table 9.1.

Table 9.1. Weak vertices and their connection with the weak nonleptonic ampli-

tudes.

Weak vertices Analytic expression Numerical value | AT
a VZA(AL) - LA(A9) 2.3187 1/2
b VE[2AM) + 24(a3)] 0.0505 3/2
@ YZB(AY) — 1B(A9) 15.862 1/2
b VE[EB() + 2B(AY) 0.032 3/2
¢ 3 [Ax(nf) — Ak (n]) + 24k (p]))] 597 1/2
d 5 [Ax (n0) + 24k (p§) — Ax (p])] 367 1/2
e L[~Ag(nd) + Ak (pg) + Ax (p))] 0.287 3/2
¢ 1 [Bx(n§) — Bic(p{) + 2Bk (0})] 41.540 1/2
d 3 [Br(nf) + 2Bk (py) — Br (p})] -22.710 1/2
é L [-Br(08) + B (p¢) + B (p1)] 0.840 3/2
f Any (A7) 5.60 1/2
f By, (A3,) 27.53 1/2
g Ay (A,) 5.19 1/2
9 By, (A),) 22.97 1/2
Similarly, for the A + p — n + n channel:
V(X)A nnn) = Vo (r) -0+ Va(r) + V5(r) + Vs(r), (9.7)
where
Vi(r) =(01-02)
A g e (Vs(m) (d - §b> S 1) (A), + (am)y (7))
gKNA 1

QmN(mi\ +mpy)

Vs(K%)(é+d —é)

2mN(mA +mpy
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) (gmNNVs(Th)f+ gnsNNVs(n8)§>

H[)2(FA); -+ (7)1 (7A)o) |

)1(A)2]
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V5(I‘) = 5‘12

grNN ~ 2-
% { 2mN(mA + mN) (VT(W) <a B \/;b>

[(n)2(RA)1 + (7in)1 (7A)2])

DN =

JKNA 0/~ ~_é1 ) (7 -
2mN(m$+mN)VT(K )(&+d = &) [(n)a(h)1 + (7)1 (A2
2mpy(ma +mpy) (g’“NNVT(m)f"‘Q NN VT (18)3 )

X %[(ﬁn)g(ﬁ/\h + (ﬁn)l(m\)ﬂ}

Vo) = o (Vev (m) ( - §b) 3= (@) Am)a (), + (018 (n)y (7):])

+92I;TJLV]\[[\ VPV(KO)(C +d— 6)%[(0’1f‘)(ﬁn)2(ﬁA)1 — (U2f')(ﬁn)1(ﬁ1\)2]
+% (g"]lNNVPV(nl)f + gnSNNVpV(ng)g>

%[*(sz‘)(ﬁnh(ﬁ/\)l + (o18)(An)1(WA)2] -

The isospin formalism is stated through the bilinear forms (introduced in Sec. 8)

<N1A< )) (N1N), =6, AT =1/2
( TA< >) (NTN), = fr; Al =1/2 (9.8)
(N[Tx]A), - (NTN), = Br; Al =3/2

where the change in isospin Al has been specified. Their particle content is

Bi = (mA)[(Pp)2 + (An)o] = ¢+ §
Br = (MA)1[(An)2 — (pp)2] + 2(pA)1 (7 ) =p—¢d+2 (9.9)
Br = \f{ PA)1(7p)2 + (RA)1[(Pp)2 — (Wn)2]}

and the inverse relations read:

ﬁi:%ﬂl*%/@‘r"i’%ﬁT
b =360+ 46, — Zbr (9.10)
¢:%6T+%/@T
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The particle content of the isospin dependent potential can be displayed by using
(9.9)® The isospin dependent form of the potential is now easily obtained from (9.6)

and (9.7) by both:

i) rewriting these equations in terms of 31, 3, and Sr by means

of (9.10), and ii) omitting the baryon fields NV and A, as already discussed in Sec.
8. Finally, one ends with

where

Va(r)

Vs (r)

V(r) =Vo(r) - 0+ Va(r) + Va(r) + Vo(r),

= (01 02)

INN= 1
Ve - ) .
X{ s(m) 2mN(mA—|—mN) 2(T1A T2 7L T24)

gNN~m

a

+Vs(m) =
s\ 2my(ma +mpy) 2
1_

(Tia-T2+71-Taa)

9K -
2mN(m:Z— my) (Vs(K) ( d) S[(A1a-12) 4+ (11 - 124)]
+Vs(K ) (T1A T+ T1 - Tan)

+Vs(K) é §(T1A Ty +7'1'T2A))

1 ~
\% Ve -
2mpy (ma +mN)( s(m) gmnN [+ Vs(ns) gnsnn g)

(1A -12) + (1 12A)]}

:+S’12

gNN= 1
v - . .
X{ () 2mpy(ma +my) @ Q(TIA T2+ T T2
+VT(7T) INN= b 1(r:[‘lA To + T1 - TQA)
2mpy(ma +my) 2
1 B

JKAN
2my (ma +my) (VT( ) <2 d> —[(11 4 -12) 4+ (11 - 124)]

+Vr(K)5 ¢ 5(Tia-Ta+ 71 T2a)
+Vr(K) é 3(Tipn-T2+ 71 T2A))

1 -
2mN<mA +mN) (VT(TH) 9n NN f

+Vir(ns) gnenn §) 3111 12) + (11 124)]

SFor instance, for the PV exchange of the pion, one finds:

V,r:aﬁﬂ-er,BT:yi(aJr\/gb) +¢<a\/§b> +¢<2a+ \/31))
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* 1 R R
Vo(r) =Vpy (m) QQZINN 5 (o9 - B)TipA -T2+ (01-T) T1-T2A)
b

+Vpy (m )gNNAT; (—(o2 - 2)T1a-To+ (01 -7)T1 - T2p)
U Wy (1) (e-+) Sl Dllin 1) - (02101 12
+Vpy (K)3 ¢
+va( ) %
o (Vv
xg[=(o2-1)(11a - 12) + (o1 - F)(11 - 124)] -

(=
1
2

%((0'1 B)TiA -T2 — (02 -1)T1 - T2)
(—(o2-1)T1p -T2+ (01 -7)T1 - T24p)

1) 9NN [+ Vpv(n8) gnsNn 9)

Appendix A: Meson poles and double counting

Baryonic matrix element of a general axial vector current has the form (6.2),
ie.

1

2 -
Ma+MﬁgP(q )q" Vs | Aaua(p) . (A1)

(Bg| A4(0) [Ba) = 1g(p) [v"1594(¢%) +

Here A, is a matrix (for example A,/2) which describes the internal (for example
SU(3) flavor) hadron symmetry. Its precise form is not needed here.

The meson matrix element is
(O] AZ(0) [Mp) = 10ap frrq". (A.2)
If the meson is on the mass shell, then
@ =m3. (A.3a)

The PCAC relation is
0, Al = CP,. (A4)

It leads to

(019, A% (x) [Ma) = 0 [e79% (0] AL(0) [Ma)] = (—i)e™"9"q,, (0] AL (0) [M)

— quM(qQ)e—iq;v — C(qQ)e—iqm.
(A.5)
If the meson is on the mass shell, one should select

C(m3y) = miyfar- (A.3b)
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Also

Ou(Ba| A (2) | Ba)
= Oy [V ~P)(By| AL(0) | Ba)]
2

< i(p’ —p)z— q
=05 0) [0~ ) - -
«

(%memm@Mﬁwm%+

gp ’YSAaua(p)

q

xr . A7 Aa «
M, + Mg QP] V5ol (P)

= C(Bg| ®a(2) |Ba)

= Cel?'=P)*(B| &, (0) | Ba)

= Ce™'1%(Bg| ©4(0) | Ba) -

(A.6)

The matrix element (Bg| @, |B,) can be calculated by using the equation of motion
(33]

(B+mis) ®a(@) = ~igapts(@)15Aatis (@), (A7)

which leads to
(—q® +m3) (Bo| @ |Ba) = ~igasosAatia (A.8)

Here g4, gp, gap and C are in general some functions of ¢.

By inserting (A.8) in (A.6) and dropping unimportant factors, one finds a rela-
tion

2 2
q 2 2 9as(q°)
M, + M 2y - ELEIC A
(Mo + Mg)ga(q™) + Ma+MﬁgP(q ) meMm%/[_qQ (A.9)
In the limit ¢ — 0, assuming that
0) = 2y =
gaﬁ( ) gaﬁ(mM) 9o (A.10)

ga(0) =ga =125,
one finds the famous Goldberger-Treiman (GT) relation (generalized):

gaA Gap
— = A1l
fM Ma+MB ( )

The induced pseudoscalar formfactor gp is dominated by the pseudoscalar meson
(for example pion) pole. This is described by the diagram shown in Fig. A.1. The
diagram in Fig.A.1 corresponds to

i

(Fig. A.1)* = ug(p')y5 Aatia (p)gas(d®) = (My| A} 10) . (A12)

@ —mi, +ie
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Miakip s

B(p) B/(A)
Fig. A.1. Here g.3 appears in the strong vertex. The axial vector current acts on

the intermediate meson M, as indicated.

Inserting (A.2) and compairing the result with (A.1) one finds

gr(@®) . \9ap(d®)frr(q®)
m_( ) e (A.13q)

Inclusion of vertex and other corrections, such as multipion exchanges [6], turns
that into
gr(¢?) 2y, 9as(P)fu(d®) 1o -
= =H = = F . A.13b
Mot M, ~ O+ = Fd) (4.130)

If one neglects H and assumes

fu(@®) = fu(miy) = fur (A.13¢)

one finds the well-known estimate

2
gpr(q®) - g;wa ' (A14)
Mo+ Mg m3, —q?

For the nucleon (NNV)-pion (7) system one finds

4MJ%79A

In the case of the muon capture the effective pseudoscalar constant becomes

gp 2Mymuga 2MNmuga
= . Al
20y " T 2 — 2 (my) m2 + 0.88 - m2 (A.16)
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Here the muon mass m,, comes from the lepton current

Qp@y'yp'yfz@bu = (—)mu@ﬂs% . (A'17)

The expression (A.16) corresponds to the formula (4.37) in [13]. (Their gp is not
equal to our gp (A.15).)

The GT relation (A.11) and most of the following formulae were derived by using
(A.3) convention. Some particular questions that might arise when the meson @,
is not no the mass shell will be mentioned in the main text.

Appendix B: Commutators involving bilinear quark field
combinations

The canonical anti-commutation relations for Dirac (i.e. quark) fields are [34]
{Walt,x), 0}t y)} = Sapd(x —y). (B.1)

When applying current algebra (CA) on PCAC one encounters the commutators
of the bilinear combinations of quark fields such as

[05(2)Apete(2), b (@) Tagtp(@)]], _,, = C- (B.2)

Here A and T" are some products of Dirac y—matrices and the inner group operators
corresponding to SU(3) flavor and color. By repeatedly using (B.1) one can write

Yhveblvs = vivstlve + deattlpd(x — 2)

(B.3)

—Oppth e (x — 2) .

This leads to

¢ = [¢$A¢€F€5¢E —aTapApetppld(x — 2) (B.4)

=T (2)[A, Ty (x)d(x — z) .

Let us take A and T" of the form
A =Dt

(B.5a)

T :th; tiz/\i/Q.

Here \; are SU(3)-flavor matrices while D and G are some combinations of Dirac
matrices. One can write

it D.t, G = %[ti,tj]{D,G} + %{ti,tj}[D,G] . (B.5b)

It is useful to specify that for some cases:
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(1) D = G =~ I#
=75 =7l R (B.5C)

FZR =71 F 7).
This gives
[D,G] =570 — vy =0
{D,G} = 2vy570l* (B.5d)

[ti, t;]  =ifijute

D = 1, G= VOI”LR
(B.5e)
[D, G] = ’yo].—w - "/0].—‘“ =0
{D,G} =2~ T*

D = s, Gr.r="(1F7s)

[D,Gr.r] =571 F7v5) — Y01 F75) (B.6)
= 2v570(1 F v5)
{D,G} =971 Fv5) +7%(1F5)75=0.

The relations (B.4) and (B.5) can be used to derive CA [44, 45]. With

gt =Pyt

s (B.7a)
Ji o =yt

one finds

17 (@), 35 W)lao=yo = ifijnii (®)d(x —y)
p

ji (), 7
: z)J MEX y) (B.7b)

T —

C
1
5 . .
7 52 (Wwo=yo = iy
i X—-y)

0
17 ° (@), 35 (Wzo=yo = ifisndi;” (€)0
0

*(
J; °(
502 (@), 35 ° ))wo=yo = ifijedh (®)3(x — ) -

<

This can be easily transformed into the commutation rules for the SU(3) generators

P = / &z 10(z) (B.8a)
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and the axial vector charges
7 - / &z 105 () (B.8b)

Integration over x simply removes delta-functions in (B.7).
General structure of the operators O1, Oz, O3 and O, contains terms as

Jur(@)it (@) + jusk(@)jl *(x) = b(PC)
Gusk(@)j"(@) + Gur(2)jl°(x) = a(PV).

(B.9)

Quark fields ¢ in those terms are not normally ordered. (Some details about that
statement can be found in Appendix E.) Thus one can simply apply (B.7) and (B.8)
in order to show

[F?,04(PV)] = —[F;, 04(PC)] (A=1,2,34). (B.10a)

Operators Os and Og as shown in Appendix E contain vacuum expectation values
(VEV’s) when written without normal ordering. Obviously

[F?,0p(PV)] = —[F;,05(PC)]  (B=1,2,3,4) (O is not NOP) (B.10b)

(NOP, normally ordered product). In addition one has to calculate the commutator
with the term d(1 £ 75)s. One finds (with ¢ = (u, d, s)):

[F5,d(1 —5)s] = —5d(1 —75)s
F3,d(1 = 1d(1
[ 377( +75)s] = 3 (7 +75)8 (B.11)
[F3,d(1 —75)s] =—3d(1—s5)s
[F3,d(1475)s] = —%E(l +v5)s
Thus, one can write ”
[F5. O = [F. O] = {01 dd[0)d(1 = 95)s + OI3s 0)d(L +3s)s ),
[Fs, 0] = [F3,06] — 2(0/dd|0)d(1 — y5)s — 2(0|3s[0)d(1 + 75)s

With

[F2,06] = —[F3,04], Lq=1(0|dd|0)d(1 —~5)s, Ls=(0]3s]|0)d(1+s)s,
(B.12b)

7See Appendix E for the definition of 0.
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one can write

[F5,06] = [F§,04) — 2La + 2L,
~[F3,06) — 2Ly — 2L, — 2Ly + 2L, (B.12¢)
—[Fs,06] — 2(0|dd |0)d(1 — 75)s .

This is the formula (17) in ref. [21] (up to the different sign convention). The
operator O satisfies the same relation with the replacement

Ly— §6Ld (B.12d)

Everything can be generalized for kaon emmision by selecting appropriate indices
n (B.11).

Appendix C: Transition isospin 7T’

This formalism, suitable for isospin I = 3/2 (or spin S = 3/2) particles is
described in Ref. [42] and [43].
An isospin I = 3/2 object can be constructed by combining the isovectors®

tlzﬁ(l,iﬁ), t”:%(l,—i,ﬂ), t?=(0,0,1), (C.1)

with the isospin function X?}z' That results in
3/2M L, m .
chi‘l/thl X1/2 (i=1,2,3). (C.2)

A coupling with isospin I =1 field (for example pion 7) is now

me _ 3/2M . r
Nt X1/2T201¢1/2mX1/2t . (C.3)
Here N™: is either proton (ms = 1/2) or neutron (ms = —1/2), and ® =

(71,72, m3). One can introduce transition isospin T which is defined by its ma-
trix element?:

L 3/2M ”
<T)m51M Crlam, £ (C.4)
8For spin Ref. [42] uses ¢! = —(1,4,0)/v/2. The + sign here leads to the usual pion field

definition 7F = (71 F ima)/V/2.
9Here again we have small difference with the Ref. [42] convention: our T = T*Ref. [42]. In
our case, I = 3/2 object will always be on the R.H.S. in bilinear combination (C.3).
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Then (C.3) can be written as

mg 3/2 M
N () ZY(8/2) = Flma, M) = X", O et ™

_ 3/2 M
- Zrclrl/QmstT .

(Here X™Tx™ = 6. m.) As an example let us take an object with M = —1/2.
Then for ms = —1/2 one gets

3/2-1/2 _ ~3/2-1/2
> Clr1/2—1/2 = 0101/2—1/2 = \/g

F(-1/2,-1/2) = \/gto o — \/gﬂo (C.5b)
and mZ7V2(3/2) - 70 = F(—1/2,-1/2). (C.6)

The expression (C.6) is the isospin conserving coupling between I = 1/2 N(p,n)
field, I = 3/2 & field and 7 (pion) field.
One also finds for mqg = 1/2:

3/2—-1/2 _ ~3/2-1/2 .
Zrclr1/21/2_01—11/2—/2_% (C.7a)
F(1/2,-1/2) = %tfl = \%%(m —im) = \%W*,
and p271/2(3/2) ot = ]:(1/2’ 71/2)

F(mg, M) =x™ 1 ZM . F(my, M
(e, M) = x (s, 21) o
ms=1/2  proton

ms = —1/2  neutron.

Remark: the same formalism will be used for weak vertices NA7w where A will
be given the quasi isospin I = 1/2 and I = 3/2.

Appendix D: Al = 3/2 isospin change

The pion exchange contributions contain very small AT = 3/2 pieces. This re-
flects the fact that the experimental A —N7 decay amplitudes contain very small
AI = 3/2 contributions. For example, from B(A%)ex, = 22.4 and B(Ad)exp =
—15.61 (in units of 10~7) one can deduce from a Al = 1/2 based sum rule
—B(A%)exp/V2 = B(AJ) = —15.84. With experimental numbers one obtains

B(A%)/v2+ B(A)

= 0.02
B(AD) exp
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instead of zero. Somewhat different picture emerges in the case of weak NNK
couplings, whose values are shown in Table D.1. Our results were obtained by in-
cluding separable contributions (see Table 7.4) which contain Al = 3/2 piece.
Experimental values were used in pole terms, and they had also AT = 3/2
pieces. The relative importance of the AI = 3/2 terms can be directly seen from

Table D.1. Nonleptonic amplitudes (x107); Tthis work, compared with rescaled

values of Refs. [22] and [5].

Amplitude | Tot. ampl." | Ref. [22] | Ref. [5]
Ak (p) 4.08 2.84 4.62
Br(pf) -21.87 -5.61 -14.65
Ak (p}) 2.81 0.76 1.68
Bk (p}) 42.38 23.19 41.77
A (nd) 6.25 3.60 6.30
Br(nd) 17.99 19.86 27.12

the general weak potential (9.11). One can obtain some interesting information
from Table D.1 also by checking how well is the AT = 1/2 sum rule (D.1) satisfied

F(py) + F(pl) = F(ng)
F(p{) + F(p}) = S(F) (D.1)
F=AB.
p(r) = | 2E )E(FI; (n8))| (D.2)
%(A) = 6.87
AnY) =625
D(A) = 0.09 .
%(B) =20.51
B(nY) — =17.99
D(B) =0.12.

48
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The amplitudes of Ref. [5] were obtained with the assumption that Hy contains
only AI = 1/2 piece. Thus from Table D.1 one finds for their values

D(A)=0; D(B)=0. (D.4)

In the chiral Lagrangian approach of ref. [22] the AI = 3/2 contributions are
present in B amplitudes

D(A) = 0.002, D(B) =0.13. (D.5)
They have also used the Al = 1/2 Hamiltonian.

Appendix E: Commutators and normally-ordered operators

The product of fields appearing in the four-quark operators Oy, Os, ... ;Og
comprising the effective weak Hamiltonian are normal-ordered. Thus one has to
be careful when calculating the commutators which appear in evaluation of the
current algebra contributions (CAC). The current commutators, or more general,
the commutators of bilinear quark-field forms, are best used if the operators O;
are written in the form which is no longer normally ordered. (Some details about
commutators can be found in Sec. 5.)

The task of unscrambling the normally ordered product (NOP) can be achieved
by using

(a) Wick’s theorem for normal-ordered products (WT) [34],
(b) Fierz transformation (FIT) which has been described in Sec.3.

The WT for a product of four quark fields v, (here o denotes all indices: Dirac’s
components, SU(3) flavour, SU(3) colour, etc.) is:

Vot Vyts =1 Yatp s 1+IEL¢6 L

o Patp Vs + o s sty ot (E.1a)
_ e
+ha s 1Pyt Hgth, s
L L
Here : O : symbolizes the normal-ordering and the lower sign the vacuum
L1

expectation value (VEV). It means the following
Vathp = (0] V15 10) - (E.10)
LJ

Only the first row is important for the operators 01, O, O3 and O4. For the
operators O5 and Og one has to consider the first and the last row only.
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This follows from a physical fact that VEV’s for non-scalar (be it in the Lorentz-
space, or in the ”inner”-space, i.e. SU(3) etc.) quantities have to vanish.

This means
(09T} gibx |0) =0

(E.2a)
FZR =y*(1F7s)
and
(0, A1 [0) = 0. (E.20)
For a quark combination appearing in the operators O; — Q4 of the form
@a (P%)a,@ ’@[Jﬁu@y (F/J L)’Y5 1/]5 . (E3a)

FIT produces an equality

(% T s wﬁ) (% TCur)ys wé) = (Vo (T7) s ¥5) @7 Tur)ys 1/}/3) . (E.3b)
For example, one of the terms in (E.la) can be written as

<O| Ea(r}z)a6¢6 |O> : @fy(lju L)v,@wﬁ =0. (E4)

The same conclusion can be drawn for all other terms which contain VEV’s. When
one calculates commutators involving the operators Oj 234, NOP associated com-
plications do not appear.

However FIT Os and Og contain scalar and pseudoscalar quantities so that their
NOP is not trivial. From

(Va(Tu1)apts) (W (T )ysvs) = (=2) (a1 + 95)asts) (Va1 — v5)y015)  (B.5)

and from (E.1) one obtains

F (Yo (Cur)apts) (W (D )ysths) + = (

oL r)apts) (W (Tr)1sts)
+2 : (
+2 : (

Dol +75)ass) : 0] (P, p]0)  (E-6)
(1= 75)451) (0] (D405 [0)

Once this is specified for Og'° one has to take care of colour indices too. The spinors
were actually coupled in colour sectors as follows

(Do) (Vs ) (E.7a)

10Tt is defined by Og =: (dI' s)[@l',, gu + dl', rd + 5T, gs] : .
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The rearangement (E.6) turns that into

(G5 1) (01 B 054 0) (E.7b)

as only the colour singlet can have VEV, one obtains
—i 1 —k
(Ya¥s5)50:(01%, %5k 0). (E.7c)

Finally this gives
@6 = @6 +§<0‘ ﬁd |0>E(1 — ’75)8

- (E.8)
+2(0/5510)d(1 + 75)s .

Here Og!! is the @6 operator which is not normal-ordered. This result is in full

qualitative agreement with Ref. [21], formula (33). (One has to take into account

that ~s(here) = —v5 [21]). The analogous result can be obtained for @5 which
contains SU(3) colour matrices A4. They satisfy the equality (3.2)

18 b — S (N)ad(Nep (E.9)

Z()\A)abo\A)cd = 9 3

A

FIT of O in the Lorentz-space has to be combined with (E.9). It means that in

the Lorentz-space O5 must have the same form as Og (E.7), but one has to introduce
(E.9) into the second and third term on the right-hand-side (RHS) of (E.8). The
equality (E.2b) means that only the first RHS term in (E.9) contributes. Thus VEV
terms in (E.8) are multiplied by 16/3.

O5 = 05 +32(0]dd |0)d(1 — 75)s

o (E.10)
+5(0[5510)d(1 4 75)s .

The expression (E.10) agrees fully with the formula (33) of ref. [21].
Some additional formal manipulations are shown in Appendix B.

Appendix F: Isospin and/or baryon decomposition of the
weak potential

The isospin decomposition of an effective weak two particle potential acting
among baryons depends on the isospin decomposition of the weak vertices. The

!1Here we are using the definition of O5 ¢ which differs, with respect to Ref. [11] for instance,
by a factor 4, i.e. Os g(here) = 4 Os,6 (Ref.[11]).
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amplitudes corresponding to A — B + 7 transitions, can be parametrized for Al =
1/2 transition as

A— n+a0 f(Ag)

F(AD) = La an=1p
A— p+n; f(Ay)
FA2) =—/2a.

Here we have displayed only particle content and isospin properties. The same
relations (F.1) hold for both s—wave and p—wave contributions.

The |AI| = 3/2 transitions are parametrized as

g(Ag) = \/gﬁ IAI| = 3/2 (F.2)

9(A) = /45,

The weak amplitudes corrresponding to N — N 4 K transitions can be
parametrized as follows

n— n+K%  f(nd
f(nd) =24
p— p+K%  f(p])

AL = 3/2 (F.3)
f(pd) = $(6+9)
p— n+K o f(p)
fp}) = 3(=¢+9)
and
9(”8) = 3¢
9(pg) = —3%e€ (F.4)
9(pf) = —3e.

The only weak vertex from which 7 is emitted corresponds to the proces A — n—+.
Here only |AI] = 1/2 piece of Hy can contribute. Thus the weak potential due to
the 1 exchange satisfies the same selection rule.

The potential due to a pion exchange, which corresponds to a diagram analogous
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to Fig. 1.1, has the following particle (i.e. baryonic) contents:
(A1 77 (An)2s - a - (—gnnr)
|_| V3
(MA)1w 7 |_| 7 (pp)2s 704 INN= |AIl =1/2 (F.5)
s+ (=1) /20 (V2gnn) -

Here 1,2 denotes the spin and coordinate dependence while w and S mean the
weak and the strong vertex respectively. gy nr is the strong coupling constant. The
combination M M symbolizes the meson propagator which appears as a Yukawa

L1
function in the weak potential.
The |AI| = 3/2 piece is

A w 0 0 .

(mA), ™ (mn)2s - \/>ﬁ —gNNr)

(MA) 10 7070 (ﬁp)zs'\/;ﬁ'gNNw |AT| = 3/2 (F.6)
L

(PM)1w Ef_ (ﬁp)QS'%ﬁ'(ﬁgNNw)~

The kaon exchange results in the combinations

(mA)1s K° K’ (Mn)2w -0 - gNNK)

L
(MA)1s KO K’ (p)2w - 2(€+0) gnnk |AIl =1/2 (F.7a)
(PA)1s K K (mp)2w - 5(—£+6) gnNK -

L

The comparison with Ref. [3] is easier if one introduces the notation

$(E+ 09NNk =d
3(=§+0)gnnk =d (F.7b)
- IJNNK = C+ d.

In (F.5,6 and 7) and in the following, the A baryon is always in the vertex 1,
irrespectively whether it is the strong or the weak vertex. ( The complete potential,
as discussed in Sec. 9, is symmetric in 1 < 2.)

The |AI| = 3/2 kaon exchange pieces are

(@A)1s KOR® (in)sw e

[
(MA)1 s KILK (Pp)2w 3(E+0) (—e) |AIl =3/2 (F.8)
PA)1s K=K (np)aw (—e).

[
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Here e = ygn Nk /2.
The expressions (F.5)-(F.8) can be connected with (8.17) and (8.20) by using
the following isospin dependent quantities

B = <N1 (?) A>1 (N1N)y

~ — Al =1/2
Br = (NT(?)A)l(NTN)Q (F.9a)
Br = (N(Tx)A), (NTN). AL =32
Here
N = (p,n)
N(TX)T = Zrn r Cf421 ml/2tT . (Floa)

The summation over m goes over two isospin states m = 41/2 contained in N.
Thus

N(Tx)T = \/2(7_ + 7). (F.100)

The symbol A carries strangeness and has no isospin dependence. With (F.10) one
obtains

B = @AN[E0): + (An)e]
Br = AAL[(n): — (Bp)e] + 25\ (7p) (F.90)
Br = /2[BM):1 )2 + @A) [(Bp)2 — (An)a]]

The isospin dependence of the pion exchange contribution can be written as
VW:ATl'T2+BT1'TQ. (Flla)

(This is not symmetrized). The factors A and B contain all spatial and spin oper-
ators. In theoretical nuclear calculations the operator (F.10a) is to be sandwiched
between multiparticle baryon states containing N and A.

The correspondence with (F.5) and (F.6) is established if one "reads” (F.11a)
as

V7r I Aﬁ'r + BBT

= (s[4 - /45 o

+<ﬁA>1<pp>2 -4+ ,/28]
+(PA ()2 24+ /2]
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The kaon exchange contribution is
Vi = %é(l-ﬁ-Tl 'T2)+E+ET1'T2
— (%O + D) o + 2Cnr + Enr
D B) (F.12)

g = @A) (pp)
b= (@A) (7n) (F.13)
¢ =@Nmp),

one finds
= 18 I8, +Lpr
2 6 M7 N
= 16 +iB: _\}gﬂT (F.14)
= +%5'r +\}65T

This has been already displayed in (9.10).

Appendix G: Shifted Yukawa function

It is usually stated [44,45] that when a force is transmitted by a particle then
the range of that force depends on the mass of the intermediate particle. Ever since
Yukawa’s seminal work [46], the Yukawa potential

V() =< (G.1)

was a textbook feature [45], describing the nucleon-nucleon interaction produced
by one meson exchange. It turns out that the original statement (G.1) is somewhat
modified in hypernuclei [5] where one has nucleons and strange particles.'? In that
case the range of the force depends both on the intermediate meson mass and the
baryon masses.

Moreover, in order to connect the more general procedure with the result (G.1)
valid for the baryons which all have equal masses, one can alternatively use an
interesting generalized definition of the delta-function [47].

12For instance the 1%C nucleus consists of 5 neutrons, 6 protons and the A-hyperon.

FIZIKA B (Zagreb) 10 (2001) 1, 1-64 55



BARBERO ET AL.: HYPERNUCLEAR POTENTIALS AND THE PSEUDOSCALAR MESON ...

A transition amplitude Ay, corresponding to the one pion (or any meson)
exchange has a generic form [45]

An=7 [ateaty [ T S@WE) . (G2a)
A= zd*y [Ea T Y . 2a
Here
2 _ 12
W=k (G.2b)

kx Zk‘oxo—k~x.

Here S(x) and W (x) are some baryon densities (scalar or pseudoscalar) which are
sources of the meson (pion) field, which mass is u. Detailed form of those quantities
need not concern us here. If all baryons are nucleons N, then the calculation can
be found, for example, in ref. [45], p.213. In a more general case the density S(z)
can contain a strange baryon, for example A hyperon [5].

The time ordered product in (G.2a) can be written as

(FITS@W () A =0(z —y) > (f1S(@) [n)(n] W(y) [A)

(G.3)
+0(y — ) 2o (fIW (y) |s)(s| S(z) [A) -
Here the intermediate states
In); S=0 (G.4)
have no strangeness, while the states
|s); S=-1 (G.5)
must contain a strange baryon.
In (G.2a) one can integrate over times (¢, yo). A useful identity is
(f1S(x) |n) = " Fr=Em)zo (£ S(x) |n). (G.6)
The analogous expression hold for other matrix elements. Also
dx® dy°® = 2d¢ dn;
a° =&+ (G.7)
y° =—{+.
The integration dn can be immediately carried out which results in
721£k0+1k (X-y)
N/d3xd3yd§/d4
— p? +ie
x2mo(Ey — Ep)[0(6) 32, elA "an(x,y) +0(=€) X, e Bs(y, x)] -
(G.8a)
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Here
Ay =Ey+ Ey —2E;
an = (f]5(x) [n)(n| W(y)|A) (G.8b)
Bs = (fIW(y)|s)(s| S(x) [A),

and E} are relativistic energies.

Starting with the expressions (G.8a and b), one first integrates over d¢ obtaining

ok (xX-y)
u2 +ie

8 Za” —2k0+1e ZBS +2k0+1e

Ajpn = (2m)NS(Es — Ep) / d3z d3y / d*k
(G.9)

A Imk,
2
onie|  HBrie) NS
x x
; xGi€ Rek,
L(-A- ig)
2 s
%

Fig. G.1. The contours in the ko plane. Here w? = k? + p2.

Integration in the complex ko plane over the contours shown in Fig. G.1 leads to
App =21%5(Ey — EA)N/d3a:d3y/d3k K (X-Y)
Oln(X,y) 6S(yax) (G]O)
X [XR: (A, —20) T Z o(A, —20)
=vk?+ 2.

In the nonrelativistic limit the energy differences A; can be approximated by
the corresponding baryon mass differences. Schematically one can use the following
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baryonic contents:

[ Knucleons

[A) 1A + (K — 1)nucleons

[s) 1A + (K — 1)nucleons (G.11a)
|n) K nucleons.

Thus,
Ey — K-mpy
Ey — (K—1)~mN—|—mA
E;, — (K-1)-my+my
E, — K-my (G.11b)
A, ZEf+EA—2ES—>—2(5
A, =E¢+Ey—-2F, — 2§
d =(mp—mn)/2.

In such an approximation the factors A; can be taken out of the summations in
(G.10). Furthermore,

> an(xy) = S(x)W(y)

(G.12)
> Bn(x,y) = W(y)S(x).

In the nonrelativistic approach W and S become operators in the configuration

space acting on (Schrédinger) wave functions [45,48]. Thus their order is immaterial.

One obtains

Asp = (2r2)NS(Ef — Ey) [ d3zdy [ d3k oKX=
A e R UL C VR

O(x,y) = S(x)W(y).

The integration over k gives the shifted Yukawa function

: 1 1 1
d3k ik-(x-y)* -1 =
/ ¢ 2 ( )w(5+w) +w(5—w)
1k(X y) ) e—€r
/d kg = (-2m7)—— (G.14)
7’—|X*YI
GZVM2—52=\/M2—i(mA—mN)2~

Eventually one obtains a generic form

App = (—dr) N/d3xd3 C(F1O(x,y) |A) (G.15)
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in which the Yukawa potential (function) depends on the effective mass
e< 1.

If one deals with nucleons only, then
0=0
€= 1,

and the standard textbook [45] form (G.1) is recovered.

(G.16)

(G.17)

This last result can be obtained also by starting from the expression (G.8). In
the strong nucleon-nucleon interaction the variable k corresponds to the invariant

nucleon momentum transfer [45]
= -y
p =(Enp)s  Ey=p?+ M.
In the nonrelativistic limit, when |p| < My one can approximate
Ep ~ MN
6—>EP—E/ 'ZMN—MN:O
k? ~ —k?

When this is introduced in (G.8) with |A) = |¢) (nucleon state), one finds

e HT

Agi = N/d?’xd?’ydg(—m(g)

(G.18)

(G.19)

< (2m)(By — 1) [0(0) T, 2 an(y) +0(-) T, e 055, (x,3)] |

with

In order to integrate over £ one uses the identity
i 1
JEGLOESEE S
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and eventually obtains
Afi = AfA:i(f — /1,), (G.QQ)

as already mentioned above (G.17). In a sense, that can be considered as an example
for the novel delta-function identity derived by ref. [47].

Although interesting as a matter of principle the shifted Yukawa potential does
not lead to some startling numerical differences. The range of the potential is
somewhat increased, as can be seen by plotting the ratio

e—E’I"

e HT

—oh =" — x(p) (G.23)

which is shown in Fig. G.2a. The shifted potential has an increased range. With
p=mg; =070fm" ! and § = (mpa — my)/2 = 0.45fm~! one finds: r = 0.5fm
X =108 and r = 1fm X = 1.17 for example.

X(r) X(r)
115 LI5S
L1 L1
1.05 1.05
1 1
04 06 08 1 r[fm] 04 06 08 1 r[fm]
(a) (b)

Fig. G.2. The ratio (G.23) (a) and (G.26) (b) is plotted as a function of r.

In the actual calculation with hypernuclei one introduces a monopole form-
factor at the each vertex [5]. The denominators in (G.14) and (G.19) are thus
replaced by

1 (A? —p?) B B
k2 + ¢2 - (kz ¥ ¢2)(k2 ¥ A2)2 = W(¢) (¢ =€, /L) . (G-24)
The Fourier transform of that is
A2 _ 2 —or —Ar AZ— 2
F{W(¢)} = 27r2[A2 —22 <e — - ¢ - > - 2A“ oA (G.25)
The ratio
; F{W(e)}
X(r)= ——~~-% G.26
)= Fw () (G-26)
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is also plotted in Fig. G.2 (b) for A = 1.3GeV [5]. One finds X = 1.09 at 0.5 fm for

example.

Appendix H: Effective agp amplitude and baryon pole terms

Parity violating A amplitudes obtain here the following contributions
A= ACA+ASep- (Hl)

The first corrensponds to formulae (5.20) to (5.26) while the second one is calculated
as described in (3.20). The contributions A (H.1) should be compared with the
experimental result Aeyp, i.e.

Aexp ~A=Aca+ Asep . (HQ)

The weak vertices in the baryon pole terms (see Fig. 4.1) are determined by the
Aca which has a generic form

1 1.
Aca ~ f—(B’|H§,C |B) = f—aB/B. (H.3)

T

One actually uses
hl’I(lJA = ACA . (H4)
q*}

Thus in order to find ap/p one must use an approximate expression whose a generic
form is

1.
JTCLB’B = [AB’B/emp - AB’B/Sep] . (H5)

Appendix I: Weak amplitudes: conventions and units

Parity violating A and parity conserving B amplitudes for nonleptonic hyperon
|AS = 1| decays are given in the usual normalization in [49]. The same normal-
ization is used in the present work. However sometimes a different normalization
is used [5,22]. Here we give translational formulae among different notations and
normalizations to enable comparisons of theoreticaly calculated amplitudes on the
same footing.

In Ref. [5] amplitudes A and B are given in Gpm2 “units”. To relate these
amplitudes and those given in [49] one has to multiply in Ref. [5] given amplitudes
by the factor Gpm?2 = 2.21 x 10~7. Also Ref. [5] used an experimentaly extracted
amplitude (in their notation) A, = 1.05 which is connected to the usual amplitude
by the relation

Aql5] = %A(AQ Joxp[49] (L1)
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(in the obvious notation). Therefore to get the number given in Table 7.1 for
instance one has to make the following steps

A(A°)[49] = V2A,[5] = vV2-1.05-2.21 x 107", (1.2)

Reference [5] uses somewhat different effective weak Hamiltonian. Instead of
our formula (2.6) they have

HilNe = iGrm2 Ty (A + Brs)Ui® (1.3)

Thus they list all their B amplitudes (see Table II in Ref. [5]) with opposite signs.
For example, in our Table 7.1 we list Bn(Ags) = 31.60, while in Table III of Ref.
[5] one finds B,, = —14.3 - (2.21 x 1077).

In Ref.[22] amplitudes are calculated in the chiral perturbation theory. Tran-
sition from their normalization to the usual (this work for instance) is found by
comparing the expressions

Grmaus(A+ Bys)u; = GFmijf—”nf (A(S) + 2’“1'\5“%@) ;. (1.4)
K X

This is best done in the rest frame of the initial (heavy) baryon [50]. By simply
writing for the baryon spinors

X X
Uf:N (o o 35 u; =N 0 pf:_k7 pi =0, E;=M;
E{f + Mf
Sy =(1,0/2).
(I.5)
One obtains
A = fiA(S)
[K .
g = dn Mit Mp)" —mje 1) (L6)
fK 2Mi AX
Ay =1GeV.
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HIPERNUKLEARNI POTENCIJALI I DOPRINOS IZMJENE
PSEUDOSKALARNIH MEZONA

Izvodimo dijelove hipernuklearnog potencijala koji krsi stranost zbog izmjene pseu-
doskalarnih mezona primjenom metoda koje su uspjesno primijenjene za hiperonske
neleptonske raspade. Ocjene se provjeravaju usporedbom s mjerenim amplitudama
neleptonskih raspada hiperona. Sve su promjene izospina, AI = 1/2 i Al = 3/2,
ukljucene u izvedeni potencijal. Podrobno opisujemo sve racunalne metode.
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