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Since the discovery in 1952 of the first strange fragment in emulsion chamber experiments, much
effort has been put into our knowledge of the nuclear chart to the SU(3) sector. Worldwide, the
study of the interactions among nucleons and hyperons has been a priority in the research plan
of many experimental facilities. After more than sixty years of A-hypernuclear studies, some
attention has been placed in the production of AA-hypernuclei and more recently, proposals have
been made to study E-hypernuclear spectroscopy.

Our main objective is to calculate the weak decay rate for AA-hypernuclei, including all the
intermediate baryonic channels allowed by the strong interaction. In this contribution we focus
on the analysis of the decay induced by two-body transitions starting with a AA pair. We present
the weak and strong coupling constants required to perform such calculations using a meson-
exchange model, built upon the exchange of mesons belonging to the ground state of pseudoscalar
and vector octets. The tree-level values for the baryon-baryon-meson coupling constants are
derived using SU(3) symmetry for pseudoscalar mesons and the Hidden Local Symmetry for

vector mesons.
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Decay of S = —2 hypernuclei: Weak and strong baryon-baryon-meson vertices Jordi Maneu

The study of the decay of hypernuclear systems gives us a very valuable information on the
strong and weak interaction between hyperons and nucleons. These exotic systems decay mainly
through two-body mechanisms, involving one or two hyperons (AN or AA) in the initial state and
none or one hyperon (Y) in the final state (VN or YN). One-meson-exchange models can give us
a theoretical description of the elementary reaction, requiring the knowledge of strong and weak
baryon-baryon-meson (BBM) couplings. While the vertices for the AN — NN were already derived
a few years ago [1, 2] in the context of the decay of single-A hypernuclei, the ones involving an
initial AA pair were only derived for the direct AA — YN weak transition [3, 4, 5, 6], participating
in the decay of strangeness —2 systems. The consideration of the strong interaction between the
baryons in the initial pair (AA — EN — X¥) leads to additional weak two-body transitions, starting
from either a EN pair or a XX one, and therefore requires the explicit calculation of new strong
and weak vertices. The main objective of this work is to present the relevant vertices for the
AA — EN — YN amplitude, namely, AA — =~ p(E%1) — An, AA —EZ" p(E°%) — L~ p and AA —
= p(E%) — 2.

In a meson exchange picture, every AA — YN transition can be understood in terms of the
exchange of mesons between the interacting baryons, with masses related to the inverse of the
interaction range and with quantum numbers allowed by the symmetries governing the underlying
dynamics. Within this model, a reaction can be understood as a product of two contributions:
a strong vertex and a weak one, where the strangeness variation occurs, connected through the
meson propagator. While the calculation for the exchange of pseudoscalar mesons other than the
pion requires the use of SU(3) s symmetry, the inclusion of vector mesons in the formalism requires
the use of SU(6) = SU(2); x SU(3)s spin-flavour symmetry (SU(6)w for the weak vertices), as will
be explained further below.

1. Baryon-baryon-meson vertices

The description of the interaction between two baryons of the (1/2)" octet through the ex-
change of either a pseudoscalar or a vector meson, needs the knowledge of the interaction La-
grangian connecting two baryons and a meson for each of the vertices involved in the correspond-
ing diagram. The formalism for the construction of such Lagrangians was developed by Callan,
Coleman, Wes and Zumino in 1968 [7, 8]. In these types of realizations whenever functions of
the Goldstone bosons appear, they are always accompanied by at least one space-time derivative.
Since the interaction with Goldstone bosons must vanish at zero momentum in the chiral limit the
expansion of the Lagrangian at low energies is in powers of derivatives and pion masses.

1.1 Pseudoscalar mesons

1.1.1 Strong baryon-baryon-meson coupling

The strong Lagrangian corresponding to the exchange of a pseudoscalar meson has the fol-
lowing form [9, 10, 11],

&5 =Tr [B(iy"Vy) B] —MgTr [BB| + DTr [By*ys {uu,B}] + F Tr [BY" ¥ [uy,B]],  (1.1)
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where F and D are the octet baryon to meson couplings, B (BT. = (Blj )"y4) is the matrix representing
the inbound (outbound) baryons
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and V,B = d,B + [FM,B] the covariant derivative introduced to account for gauge invariance.
Writing explicitly this derivative, one obtains:

ZLsp =iy" Tr [BdyB| — MpTr [BB| +iy* Tr [B[T, B]| + Dy* ys Tr [B {uy B} |
+ Fy" s Tr [Bluy, B]| . (1.3)

The two first contributions correspond to the kinetic and mass terms for the baryons, while the
dependence on the meson fields is contained in the I';, and u, operators:

1

(ufaﬂu-i-uaﬂbfr) Uy = % (uaﬂuJr — u*aﬂu) , (1.4)

0
where u is defined as u = e' V2 ~ 1 4i ﬁfqb, with f the meson decay constant, and ¢ the selfadjoint

matrix of inbound pseudoscalar mesons, thus fulfilling the condition ¢ = ¢,

%nOJr%n nt K+
o= I v L K2° : (1.5)
- 0 _
K K 7N

1.1.2 Weak baryon-baryon-meson vertices

The starting point to derive the weak vertices is the heavy baryon chiral perturbation Hamilto-
nian introduced by Jenkins and Manohar [12, 13] to account for strangeness changing amplitudes,
all the while neglecting those terms in which the decuplet baryon matrices appear. Using a lowest-
order chiral analysis one can only generate parity violating amplitudes, since the weak chiral La-
grangian describing parity-conserving transitions has the wrong transformation property under the
combined action of the charge and parity operators [14]. The effective Lagrangian:

L =GrmiV2fz(hp Tr [B{EThE,BY] +hp Tr [B[EThE, B]]), (1.6)

is written in terms of the dimensionless constants /p and hp, which can be fit to reproduce known
meson decay amplitudes and the s-wave nonleptonic weak decays of the baryon octet members.
The h operator is a 3x3 matrix with a single non-zero element, /3 = 1, which accounts for
strangeness variations of |AS| = 1. The operator & plays a role equivalent to the one of the u
operator in the strong Lagrangian defined in the previous section.

As stated above, the use of the weak effective Hamiltonian at lowest order allows us to obtain
only the parity violating amplitudes. The standard method to compute the parity conserving am-
plitudes is based in the pole model[15], according to which the weak transition is shifted from the
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meson vertex to the baryonic (and mesonic) line. The starting point is to consider the transition
amplitude for the nonleptonic emission of a meson, (B'M;(q)|Hw|B),

S o _n (B']AY (0 Hy(0)|B - o (BAY(O)|) (0 |Hw (0)|B
Y, [5(Pn—PB’ _q)< IA; ( 113)_(”\0 w (0)] >} 1Y [5(PB—Pn’ —6]>< |A; ( g|f>é’i|ow( )1B) (1.7
B~ Pn PB=9" =Py
where the use of a complete set of states Y, |n) (n| leads to a series of contributions dominated by
the baryon (1/2)" pole terms, as shown in Fig. 1, that become singular in the SU(3) soft-meson
limit and represent the leading contribution to the parity-conserving amplitudes [16]:

Figure 1: Schematic representation of Eq. (1.7), with § and Hy denoting strong and weak vertices.

For the calculation of the weak pole vertices it is necessary to express the physical states in
terms of the baryon octet fields |B;), as well as the meson states in terms of |M;) [17]. Furthermore,
the mesonless weak transition between baryons, (B|Hy (0)|B’), can be computed using low-energy
theorems for mesons. These theorems express the matrix element for the emission of a meson of
zero (or small) four-momentum in terms of the corresponding matrix element in the absence of the
soft meson and some equal-time commutators of currents [18]. They are based on the existence
of certain symmetry in a given physical process, which give rise to degenerate multiplets (a state
containing an arbitrary number of Goldstone bosons) with couplings related by the symmetry.
Therefore, we will be able to relate the strong scattering amplitudes to the weak vertices [17],

lim(B Y5 B'M;) = lim (B'M;|Hpy|B) = — — (B'|[F:, He]|B). (1.8)
q—0 q—0 F;
where, following Cabibbo’s theory, we have assumed that the weak hamiltonian transforms like
the sixth component of an octet, Hg, according to the CP invariance of HVAVSZI, and F; are the
corresponding SU (3) generators.

1.2 Vector mesons

The interaction between baryons and vector mesons has not been as extensively studied as
the ones involving pseudoscalar mesons, but there are theories, as the one based in hidden local
symmetry (HLS) [19], which can accommodate vector mesons consistently with chiral symmetry.
In order to incorporate these mesons in our formalism, the following Lagrangian is used:

_ _ 1 _
Lyps =—g{(Byu[Vs . B]) + <B7’uB><V8“>+m(F<BGMV[a#VSV_avV§L7B]>

o

+D{Bou {0"Vy = "V{', BY)) + (BruB)(Vy') + 1

(BouvVy"'B)}, (1.9)
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which may be obtained from the generalization of the HLS formalism in SU(2) to the SU(3) sector.
There, Vg and Vj are the octet and singlet terms in the vector meson matrix respectively,

V2T —p’+o V2K |, (1.10)
V2K V2K V2¢

where the constant C is chosen to be 3F — D, such that the § NN vertex is null (according to naive
expectations based in the Okubo Zweig lizuka, OZI, rule) and the anomalous magnetic coupling
of the NN vertex gives Ky ~ 3F — D [20]. The baryon mass is represented by M, while g equals
g= ﬁ]‘n where m is the mass of the exchanged meson and f7 is the 7 decay constant.

For the weak vertices the introduction of the SU(6)y group is necessary. This group describes
the product of the SU(3) flavour group with the SU(2)y spin group, which is the proper group
to consider when dealing with particles in motion, as the ones involved in weak decay processes
[21]. For the parity-conserving interactions the pole model and the soft-meson reduction theorem
introduced in Subsection 1.1.2 should be used again, decomposing the weak PC vertex into a strong
and weak PV contributions, analogously to the previous calculation.

2. Results

We present in Tables 1 through 4 our results for the strong, weak PV and weak PC coupling
constants. Charge and isospin conservation (violation) at the strong (weak) vertices, put restrictions
on the allowed mesons, as listed in the tables. In order to give the numerical estimates of the
coupling constants, we use the results of analyses that included the decuplet (out of the scope
of the present paper) and the octet baryons, which lead to the following values D = 1.18 MeV,
F=0.7MeV, hp=-0.5MeV, hr =0.91 MeV and f; ~93 MeV[13]. For vector mesons D =2.4,
F=082,by=-836x10"7, by =8.36x 10" and cy =7.08 x 107,

Pseudoscalar Vector
Coupling Analytic value N. value | Coupling Analytic value N.value | Coupling Analytic value N. value
— kA _ 8(D—3F) N = g(D+F) R
prH D+F 188 | ZK**Ar s @4 0.004 | paxpr o ﬁ% 0.232
KR 5 (B-VEF) 037 | KA —ef 0.866 | paspy -z 0.866
—_ 30 J— D+F — D+F
EKTE0 IS (D+F) 1.33 pp iy & £M> 0569 | nasar & £M> 0.232
5 L5 (D+F) 1.33 pp iy -5 0707 | nogay —8v3 0.866
5 _1 (D _ = kY0, g(D+F) N =0 g0 A, _ 8(D-3F) K
P ﬁ< o \/§F) 038 | K D 0403 | Z°K*'Ar L 0.004
= K%~ D+F 1.88 | ZK*tx0, -4 0.5 ZOKOAy -4 0.5
0— 1 m— 0y —, (D+F) =0 g+0y°0, _8(D+F)
nn'n ~5(D+F) 133 | 2 KT, dofs -0.569 | E°K*0%0; CRED 0.403
— 1 D m— 0y — _ 8 70 030, _
ma - (ﬁf\/ﬁF) 134 | KTy, - 0707 | E0K*0%0,, g 0.167
=0 0N 1 (D 0+ (D+F) = (D+F)
BN 5 (ﬁ + ﬁF) -0.376 By S -0.403 | nptpy § T -0.569
=0KO¥0 —ﬁ(D-&-F) -1.33 pp°py -£ 0.5 np*py -5 0.707
— D+F - D—F
np'nir —£04F) 0403 | nK*" X7 s -0.279
np°ay £ 05 | nK* X7y £ -0.707

Table 1: Strong baryon-baryon-meson couplings (in units of \f%f for the pseudoscalar, —# for the

tensor (T) and —g for the vector (V) components)

9}
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Pseudoscalar Vector
Coupling Analytic value N. value | Coupling Analytic value N. value
pK 7 V2(hp + hr) 0.58 pK*n 61%( —by)+5 fcv -3.05

—_ A h —_—— A 1 1

= atA (%2 —v3ne)  -186 | = PR b (abr+ibyte) 0.08
E 20 —(hp+hr) -0.41 E-ptxo % (=3br —3by + 10cy) -1.26
OpF D3 hp + hr 0.41 pK*p V2 (Lpy —Ley) 0.99

E N~ —V3(hp+hp) 071 2 p'r- — ey 1.26

pKOp V2(hp—hg)  -1.99 | E-agi— %cv -2.19
K% 2V 2hg 2.57 nK*0% V2 (- lbv+§cv) -2.06

Eo%jﬁ % (hp—hp)  -0.576 :Z(ugzj Z f( br —by)+ ¢ \[CV -1.55
= 0 L = 0 _
202X le(hD+hF) 0290 | E%p°x° Mbﬁt By — ey 037

Eoni —5 (ho—hrp)  0.997 an)gﬁ > f( br +by —2cy) -0.097

=0nxo % (hp +hr) 0.502 =00%A > f( 3br — by +2cv) -1.04

=K+ p . f( br +by) -1.27
E0ptr- M( br +by) -1.27
Table 2: Weak parity-violating baryon-baryon meson couplings (in terms of — G‘i}%’}"?’)
Coupling Analytic value Numeric value
__ 1 1 2fA V31 2/As+

pK }’: -3 (\TF‘F )m —mp \/zi\Pii(F D)m —my \/’%P 1.23
RN D ofAs,+ \/J%(D—F)m[fnlozf (Anp — 345+ )) —0.34
Egtyd F— f L2 fAvp+ (D= F) B 2 (A, +V/3As: ) ~1.36
opF D3l (F D)ol gy, — Flofay, 2.09
EnT %(\%—i—fF) Vi1 2fAy_+p gm{ml 2fAs:, ~3.62
pKp f(F D)m e +2fA):+,, —0.37

057 Ap 2fAs+,

}’IKOZ *% (%4’[ ) my,— mlA 2{1/471 - (D F) fmlo \}21 0.86
B0 3 (D-F) b A (AA,,+ng+p) RV L (Anp—V3Ax+)) 0.77
=0z (—3(D+3F) e T =g o (AA,,+fAZ+ ) ~0.57
EnA 3 (D—F) s 55 (A —V3Aze,) - fm—olmzo L (Anp+V3451)) 0.08
=0nA (~5(0+3F) 5t = L) L (Any— V34 0.18

Table 3: Weak baryon-baryon-pseudoscalar meson parity-conserving couplings. Numeric values
in terms of —Grm2. The reduced matrix elements used to calculate the weak transition between
baryon fields can be determined by a fit to experimental data for specific PV transitions, for which
we choose X — p+ n° (Ag+p) and A — p+ 7~ (App), taking the values Ay+, = —3.27 x 1077

and Ax, = 3.25x 1077 [16].
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Coupling Analytic value

Numeric value

(D—F) 3-1 2/Az+,

__ _ (D=3F) /3—1 2fAap
PKTr &3 meom v T8 O
— V3 V3=1 2fAxp | 1 \B—1 Azt
pK*"ny e S
5-p*A b ofag, - L fm“ngfi V34
= p T 4\fm—77mzf f Itp 4f ma—nizo 2[( Ap — It P)
EierKV 7%771,\\[::1]_0 2[ (AAI’ fAZJrP)
= 430, _F (D-F) 3-1
= p+307 4m—,7m 2fA P+ 42 \/»Z(] m_g 2[ (A/\PJ'_\[AEJ’P)
E-ptI0y —2fAs+, — ¢1§m L 2L (App+V/3A5+))
- v0 —Mz0 Zf P l;
E_poziT (DSF) mz\[—ml—, 2fAz+], + F m—\,[—m 2fA):+p
E Ty ;mzf_ A 2fAyp+ 2fA27
o (D-F) D
ETwXr 53 ’"E\f_m 2fAs+, + 4\/§m —m 2fAZ+p
m— Y 1
EroXy T 2V/3myg—mg 2fAx+ P fm _’"Z 2fA):+
K05, (D-F) 1-v3
PK*pr 42 my— z\ 2fAxep
07 1
pK*OpV \ﬁm,ﬁmy fA);+p
WKn _(D43F) 31 2Any  (D-F) 31 2Ast,
T 83 mu—mp /2 8 my—mgo /2
K07 V331 2Ary 1 31 A,
n ny Tm,,fm,\ V2 - fm,,fmz() V2
=0 gkt F-D 1 —f 7(D+F) 1 D43F 1
=K +PT Tm,gfmzu 7 <A2+l’+\[A/\[’) 4[ m,,—mZ AZ P +\[g\/§ Mo — m,\ \f (AAI’ fAZJrP)
=0 - 1 1 3 1
= K*+[JV 2m_0 m 0 f (A):+P fAAp) \fml,fmfr A):+ 2 msofm,\ \/5 (?AP fAZJrP)
=05—y— 1 1 f
“’Op iT 4 mzo —My0 f (AZ+II+ \(AAP) ( 4\[ iy, \[ 2)fA)Z+p 4\[ 3 mgo—mp /2 (AAp - \/§A):+];)
Ep Xy 2mo—m Asip+ AAP —2fAs+
- 50 f 4 V2 mg——m )z
5030, FD__1 D_1 .t
= szT ( 8 mgo—mzo + 4 mgo 77712(7) V2 (A2+P + fAAI’)
=0 0. 1 1 11 =f
2000y (~dtom + b ) 7 (Axep+V3An)
0 ,0¥0. D—_F 1 I _ Db 1 J _
=p EOT 8 my—mE0 /2 (A):A[’ + \/gA}\P) 4y/3 mzo—mp \/2 (AAP \/§A2+P)
=00 11 f
=p ZOV 2 mgo—mZ° \/2 (AE+P+ \/gAAP)
F0 A D-F_1 D 1 \/[ _
= mAT ( 8 mp—mzo 12 msofm,\) V2 (AAP \/§A2+P)
=0 1_ 1 1 s
= (DAV ( 2 ma— mzo + mzo— m,\) V2 (AAP fAZ+1’)
=0 40A F-D 1 —D 1
=p ﬁT 8 mamo V2 (AAI’ fAE*ﬂ) oy V2 (A2+p+\fAAp>
E“Opol\‘/ ;m,\flm,o ﬁ (AAP fAZJrP)

0.54
—0.57
0.20
2.45
0.62
2.64
~0.90
111
~0.51
0.64
—0.31
—0.78
0.23
—1.34
0.693
—0.866
0.276
1.28
0.46
-0.58
-0.58
-0.29
-0.53
2.00
0.46
0.67

Table 4: Weak baryon-baryon-vector meson parity-conserving couplings in terms of —% and —g

for the tensor (T) and vector (V) components respectively

3. Summary

In the present work the focus has been placed on the calculation of the baryon-baryon-meson

coupling structures required to evaluate the AA —EN — YN weak transition, appearing when the

strong interaction is accounted for in the decay of AA-hypernuclei.

Within a meson-exchange model, the strong baryon-baryon-meson constants have been de-

rived with the use of the lowest-order effective strong Lagrangian representing the interaction of

the ground state (g.s.) (1/2)" baryon octet and the g.s. pseudoscalar meson (0)~

octet, while

the inclusion of the (1)~ vector meson interaction has been done using the hidden local symme-

try formalism. Regarding the weak vertices, we have discussed that a lowest-order chiral analysis

can only provide us with PV coupling constants, but not with the PC ones. In order to account

for the existence of weak parity-conserving amplitudes, the well-tested pole model has been used,

according to which the weak transitions are moved from the vertex to the baryon line. These pole
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terms, being singular in the SU(3) soft-meson limit, represent the leading contribution to the PC

amplitudes, and can be computed via current algebra.

The quantities that have been derived here are being used in the evaluation of the decay of

?\AHe, where a complete description of the weak decay mechanism, including all possible effects

of the strong interaction, is being performed [22].
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