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1. Introduction

Since the first observation of the X(3872), made by Belle in 2003 [1], a considerable number of “exotic” particles has been discovered in
the heavy quark sector (for a review see [2]). In particular, the finding of charged charmonium-like resonances is a compelling evidence of
the fact that these resonances cannot be fitted into the known frameworks. However, their nature still lacks a comprehensive theoretical
understanding. The most accepted phenomenological models interpret them as compact tetraquark states [3], as loosely bound meson
molecules [4,5], as a quarkonium state interacting with light matter via residual strong forces [6], or as hybrid gluonic states [7].

In 2013, the BES and Belle Collaborations announced the discovery of a charged charmonium-like state called Z.(3900) [8], in the
channel Y (4260) — Z.(3900)*7w~ — J/¥mw T ~. Soon after, evidence for the channel Z.(3900)* — (DD*)* was reported by BES [9].
In the meanwhile, BES found a twin Z/(4020) state decaying into h. 7+ and D*0p*+ [10]. The most likely quantum numbers for both
resonances are (I¢) JPC=1+)1t-.!

These two states happen to be close to the DD* and D*D* thresholds, respectively, which might suggest a molecular interpreta-
tion [11]. However, the mechanism for which these would-be-molecules are pushed slightly above the threshold (by tens of MeV) is still
unclear. On the other hand, the constituent diquark-antidiquark model predicted the existence of a 1~ resonance around 3882 MeV
[3,12], and of its radial excitation around 4470 MeV. The confirmation by the LHCb Collaboration of a charged Z(4430) state decaying
into ¥ (2S)7* [13] and far from open charm thresholds strengthens the whole picture [14]. The Z/(4020) lacked an interpretation in
the original model, but this is fixed by a recent “type II” tetraquark paradigm [15]. For a discussion on the production of these states at
hadron colliders, see [16,14].

The Belle Collaboration recently started an analysis with the aim of searching for such exotic resonances decaying into the 7. charmo-
nium [17]. A possible interesting channel could be Zé/) — 1 P, as it can provide a good way to discriminate between the interpretations
mentioned before. In Section 2 we will discuss this decay channel according to the main tetraquark models. In Section 3 we will evalu-
ate the branching fractions according to the molecular hypothesis, by means of a non-relativistic effective theory. Our conclusions are in
Section 4.
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Fig. 1. Levels predicted by the type I (red dashed) [3] and type II (solid blue) [15] tetraquark models. The black disks are the experimental X(3872), Z.(3900) and Z.(4020)
masses. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 1
Quark content of the axial tetraquarks respectively in the diquark and closed charm basis. The symbol Sg,4, stands for the spin eigenstate of the qiq> pair. In type I model,
6 ~ —47°. In type Il model, 6 =0°.

Diquark basis Closed charm basis

|1cq. Ocg) |0cq. 1c3) g 12g) [1cz. Ogg) [0cz. 14) [1ce. 1qq)
X (1) 1/4/2 1/v/2 0 0 0 1
zZ(1m7) c0s6//2 —cos6/+/2 sinf sin (6 + 45°) —cos (6 + 45°) 0
zZ'(1t7) —sin6/v/2 sing/+/2 cosf cos (6 +45°) sin (6 + 45°) 0

2. The compact tetraquark

In the constituent diquark-antidiquark models, the ground state tetraquarks are the eigenstates of the color-spin Hamiltonian:

Lo A9 A
H:Zmi—ZZKijSi~Sj?l~7]. (1)
i

i#j.a

In the type I model, the k;; coefficients are extracted from ordinary meson and baryon masses, and the X(3872) mass is used as input
to fit the diquark mass [3]. The predicted mass spectrum is reported in Fig. 1 (dashed lines). The mixing angle of the two 17~ states is
found to be 6 ~ —47°. The spin-1 eigenstates X and Z in Table 1 are identified as the X(3872) and the Z.(3900), predicting a mass of
3882 MeV for the latter. The Z’ (1+*) state would have a mass of 3755 MeV, but no resonances have been found with this mass and
quantum numbers.

Recently, it was proposed to neglect the spin-spin interaction outside the diquarks (type II) [15]. More specifically, in (1) all couplings
but kcq = kzz are neglected. The resulting spectrum contains two degenerate levels with quantum numbers 17+ and 17~, which can
be identified as the X and the Z.(3900), and a heavier 17~ state corresponding to the Z/(4020). This Hamiltonian is diagonal in the
diquark-antidiquark base, hence the wave functions in Table 1 have 6 = 0°. The mass spectrum of the latter model is reported in Fig. 1
(solid lines).

As far as the transition matrix elements are concerned, we can consider that the heavy spinor structure . factorizes out from the total
wave function ¥ = x¢ ® ¢¢ (F) in the infinite quark mass limit, thus realizing heavy quark spin symmetry [18,19]. The correction to this
are suppressed by inverse powers of the heavy mass itself. This applies to any state containing a heavy quark, and hence to our diquarks
as well. In particular, the factorization of the diquark wave function ¥cq) = Xc ® Picq) (FC,Fq,sq) is expected to have corrections of order
Aqcp/m¢ ~0.25 [18]. A similar expansion also holds for the transition operator allowing the decay into charmonia, which at leading order
can be expressed as a direct sum, 1ys ® T Ly, the first operator preserving the spin of the heavy pair. At leading order, we can consistently
use the unperturbed wave functions to evaluate the decay amplitudes, obtaining

A= el ® el e s + 0 (522 ). @
C

The first term is simply a Clebsch-Gordan coefficient enforcing heavy quark spin symmetry, and can be evaluated upon a Fierz transfor-
mation. The second term depends on the actual dynamic of the decay. For each tetraquark state, one usually assumes this term to be the
same for every charmonium, and therefore cancels out when evaluating ratios of decay widths [15,18,19]. In other words, it is possible to
re-arrange the cc quarks into a color singlet pair with a Fierz transformation (see Table 1), and consequently the effective coupling of the
tetraquark to a charmonium can be assumed to be proportional to the cc component with the appropriate spin content, with an expected
error O(Aqcp/mc).

The kinematics of the transition matrix element in Eq. (2) can be taken into account parametrizing the matrix elements as an effective
coupling times the most general Lorentz-invariant combination of polarization vectors and momenta with appropriate behavior under
parity and charge conjugation [12], i.e.:
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Fig. 2. Radial component of the solutions of the Schrédinger equation in presence of the full Cornell potential (5). The dashed red line is the radial wave function of the 7.,
the solid blue line is the wave function of the J/v and the dash-dotted green line is the wave function of the h.. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

J/m,p) T @IZA,P))=8zyx A1, (Nc(P) p(€.QIZ (A, P))=8znp-¢, (3a)
(he (p,n) T(Q)|1Z (A, P)) = %6“”""%%%%, (3b)
V4

where 7, A and € are the polarization vectors, p, ¢ and P are the momenta and the gs are the effective couplings with the dimension of
a mass. Hence, the partial decay widths are:

rzo jm=sP g (34 L rz L 3. 07 (4a)
— = —— — = - — —_—
3802 5707 M2, ) 1P = 3 gz 82mer M2 )
1 p* ) p*Z
C(Z— he)=~——— 22 ), 4b
( ) 38n1\/1§g2hf7’< M2 (4b)

where p* is the decay 3-momentum in the Z rest frame. The original models neglect the spatial dependence of the wave functions:
the coupling to each heavy quark spin configuration is somewhat universal, and the differences are only of kinematical nature. Hence,
the P-wave decays into h. 7 are highly suppressed by phase space. Moreover, in the type I model the O, component of Z:(3900) is
cot2° ~ 30 times larger than the 1.; one, thus predicting a peak in 7. o much more intense than the one in the discovery channel /v 7.

A different assumption on the (¢Cg|fJ_Hs|¢>[cq][gq]) matrix element has been recently proposed by Brodsky et al. [20], in order to take
into account the spatial wave functions of the involved states. A diquark-antidiquark pair would tend to convert all its kinetic energy into
potential energy of the color flux tube until it can be considered at rest at a fixed relative distance which satisfies V (rz,S1 =S, =0) =
M — 2m¢q, where m¢q = (1.86 & 0.10) GeV [20] is the constituent diquark mass (evaluated via QCD sum rules), and V (r) is the Cornell
potential:

4o 32ra S =
V()= —2 = 4 br+ e 5, . 5y, (5)
3r 9m?

where a5 = 0.5461, b = 0.1425 GeV?, m, = 1.4797 GeV and o = 1.0946 GeV? [20] are the parameter which better describe the char-
monium spectrum. Thus, the larger a charmonium wave function is at rz, the more favored the decay into such state will be.? In other
words, we can assume the effective coupling to be proportional to |z (rz)|?. The charmonium wave functions can be evaluated by solv-
ing the Schrédinger equation with a Cornell potential and the adequate spin assignment. Concretely, we find rz, = (0.60 £ 0.17) fm and
rz; =(0.72+0.19) fm and estimate from the ratios of charmonium radial wave functions (Fig. 2):

2 2
g g2,
P —0.687013 L = (5.74340) x 1072, 6)
gzwn gz/hcrr

In Table 2 we report the predicted branching fractions to 1. p, according to the presented models. Here and in the rest of the paper,
the uncertainties are estimated using a toy Monte Carlo simulation. In particular, the multiplicative relative errors are extracted from a
log-normal distribution to ensure positivity, while all the other quantites are otherwise assumed to be Gaussian. The asymmetric errors
will always report the 68% C.L. with respect to the mode of the likelihood distribution. Despite the proposed mechanism for a dynamical
description is still preliminary, the values obtained are not significantly different from a pure kinematical estimates, which give more
strength to our predictions.

2 Light mesons are not expected to play a role in this mechanism, having a much broader wave function. The argument is someway similar to the hadrocharmonium
theory [6].
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Table 2

Predicted ratios of branching ratios for Z£’> states according to the main tetraquark models. The results in the first column are computed considering kinematics and heavy
quark spin symmetry only. In the second column, instead, we estimated them using the method of [20]. Both type I and type Il models give the same predictions for the
BR (Zé — Ne p) /BR (Zé — hcn), since both h. and 5, have sz = 0. The ratio of the branching fractions into 1. p and J/y m according to the type I model are so large
because of the prefactor cot? 2° ~ 900. The errors are estimated via the toy MC simulation as explained in the text.

Kinematics only Dynamics included
type 1 type II type I type Il
BR(Zc — nc p) +79 2 +0.96 433 2 +0.40
—_——— 3377 10 0417y 2377 10 0.2775
BR (Zc— J/y ) ( *144) x ~0.17 ( 71.4) x To17
BR(Z. —
BR(Z > nep) (1.2t§;§) x 102 6.61368

BR(Z{ — hem)

(2) (W) (©

Fig. 3. Possible one-loop diagrams for Z. — 1. p. The charge conjugate diagrams are omitted.
3. The molecular picture

In the meson molecule model, the Zé’) is interpreted as a (D*D(*))C:_1 resonant state. We will evaluate the branching fraction

Zé’) — n¢ p by means of the Non-Relativistic Effective Field Theory (NREFT) [5], a framework based on HQET and NRQCD. The interaction
vertices between the molecular Zé’), the 7. and the D® mesons have been discussed in [5], and are given by:

29020 B
0= 7( M,abHZby“H1a> the., )
where (---) stands for a trace over Dirac indices and a and b are isospin indices. The details on the definitions of the HQET superfields
and our conventions are reported in Appendix A. This kind of HQET Lagrangian could describe the decays of Z.’s regardless of the internal
structure of such states, and provide model-independent results in terms of unknown effective couplings. In these effective theories the
molecular nature is taken into account by forcing these states to couple to their own constituents only, and forbidding all other tree level
vertices. The transition to charmonia would thus be allowed only by heavy meson loops.
The interaction between heavy mesons and charmonia is given by [21,5]:

Leg= % (‘i‘Hm(ﬁHza) + % (XuHiay"Haa)+h.c., (8)

where W is the superfield containing the S-wave charmonia, and x the superfield of the P-wave charmonia. The couplings g; and g»
have been estimated to be g; = —‘/cho/B/wa and g, = JMNV,/ZMD fiw [21], where fy, = (510 & 40) MeV is estimated via QCD
sum rules, and fj,y = (405 £ 14) MeV can be obtained from the electronic width of the J/y itself> Plugging all the values one gets
g1=(—2.09+0.16) GeV~1/2 and g, = (1.16 £ 0.04) GeV—>/2.

One key ingredient of our analysis is the interaction between heavy mesons and light mesons. The relevant HQET Lagrangian can be
found in [22]. We report here the terms involving two heavy mesons and one or two p:

Lppp+ =i {Hipv" (Vi — )y Hia) + i3 (H1p0 " Frun (0)baH1a) + hiC., 9)

where Fy,(0) = 8,00 — dvpu + [Pp, pv] and oV =i[y,, y»1/2. The vector field V,, contains information on pion pairs, which are not
of interest for the present case. The imposition of Vector Meson Dominance implies 8 = 0.9 £+ 0.1. QCD sum rules give A = (0.56 +
0.07) GeV~! [23]. The errors on these two couplings have been estimated in [24], where authors found compatible values using QCD sum
rules.

3.1. Power counting

The relevant one-loop diagrams are reported in Fig. 3. As shown in [5], the importance of a certain diagram in NREFT can be estimated
using a power counting procedure. The heavy meson velocity relevant for the decay/production of some particle X can be evaluated as
vx ~+/IMx —2Mp[/Mp, which in our case gives vz 2 0.12 and v, =~ 0.68. Every meson loop counts as vi/(47t)2, while the heavy meson
propagator scales as 1 /vf(. In case there is more than one heavy quark external line joined to a loop, we will use an average velocity v.
Moreover, depending on the possible presence of derivatives in the interaction vertex, the diagram may also scale either as a power of the

3 The same formula can be used also to evaluate the coupling g, of the ¥(25), giving g} ~1.5g>.
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Fig. 4.

Fig. 5. Most relevant two-loop contributions.

external momentum of the p meson, g >~ 426.7 MeV, or as an additional power of vx. According to these rules, the combination of the
diagrams in Fig. 3 scale as:
=5 =5
v 1 %
—2_—6ﬂgvii:1x10’2 or 3
A4m)“v my, Mp (4m)

1 q 3
—A — >~5x107". 10
76 quMD X (10)

Powers of Mp have been introduced to make everything dimensionless.

We now need to evaluate the contribution from higher number of loops since it may happen for them to be as relevant as the one-loop
contributions [5]. The possible processes we can have are reported in Fig. 5. In particular, the internal virtual particle can be either a pion
or another p meson. Each pion vertex counts as gpy /Fr, where g >~ 0.5 is the axial coupling, p- is the pion momentum and F; =~ 93 MeV
is the pion decay constant. Since m, ~ 0 the pion propagator scales a I/M%, v%,, Mpvy, being the largest momentum running inside the
loop - see [5]. The other two diagrams contain, instead, an additional p meson running in the internal leg. In particular, in Fig. 5(c) we
employed the poD® D™ vertex arising from the chiral Lagrangian in Eq. (9). This new vertex does not contain any derivative and hence
counts as Ag‘z/. Moreover, since the mass of the p cannot be neglected, the internal propagator scales as 1/(M2Dv,27 + mf)). These three
diagrams count respectively as:

vi o1 vi 1 1 g2Bgy ,

— — Mp ~3x 107>,
(4m)? v (4m)? vy Mpv2 FZm, 1

5 5 3
vy, 1 vy 1 A
Z U ﬂqu4MD:7>< 1076 (11a)

@m)2 vl @m)2 vi MAv2 +m2 m,

5 5 2 2
v o1 Vi 1 M
an Z_ N~ Ob gl ~ax10 (11b)
(4m)% v7 (4m)* vy MpvE +m2 mp

As one can see, the first two kinds of diagrams are at least two orders of magnitude smaller than the one-loop diagrams and hence can
be neglected. The dominant two-loop contribution is thus given by the diagrams like the one in Fig. 5(c). There are 6 diagrams of this
kind (depending on which D mesons run in the loop), while there are 3 one-loop diagrams. Therefore, the ratio between the two-loop
and the one-loop contributions is (6 x 2 x 1074)/(3 x 5 x 1073) ~ 0.08. To be conservative, we will assign a 15% relative error to each
single amplitude.

The case of Z| is very close to the one presented here and we will thus omit it. However, it is worth noting that, since its constituents
are D*D*, there is one diagram less at the lowest order (Fig. 4).

3.2. Branching fractions
We now have all the tools to evaluate the ratio between the branching fractions BR(Z; — n¢ p)/BR(Z. — J/¢¥ m) and BR(Z. —

Ne p)/BR(Z. — he ). The amplitudes for the Zé') — J/¥(he) m processes are taken from [5] while the ones for Zé/) — ncp are reported
in Appendix B. We obtain:

BR(Z BR(Z!
BR(Ze = Nep) (46725) x 1072 BR{Zc > nep) _ (1.0755) x 1072 (12)
BR(Z; — J/¥ 1) BR(Z; — hc ) :
Moreover, the widths have been computed with:
FZz—B+C)=L P 3 1APR. (13)
3 8w m?

Z pol
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Fig. 6. Likelihood curves for BR(Z. — n¢ p)/BR(Zc — ] /¥ ) (left) and BR(Z. — nc p)/BR(Z. — he 1) (right). The red curve is the molecular prediction, whereas the
black curve gives the predictions for dynamical type I tetraquark model. The green (yellow) bands give the 68% (95%) confidence region. The pure kinematical tetraquark
model predicts larger values, which separate even better from the molecular predictions. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Both Z. — n.p and Z. — J/y¥m processes contain two P-wave vertices, however the first one has a smaller phase space that, by itself,
leads to an order of magnitude suppression. The dominance of Z. — h.w over Z. — n.p, instead, is explained by the presence of the
extra n.DD* P-wave vertex in the latter process.

Other interesting ratios can be evaluated. We can assume the total width to be saturated by the decays into D™ D*, n. p, he 7, J/¥ 7,

¥ (2S)m, and use the measured widths [25] to extract the coupling of the molecular zé” to its constituents:

lz| = (1.26f8:}3> Gev™'? and |7|= (0.58f8%) Gev~1/2, (14)

where the uncertainties are due to both the experimental uncertainties on the total widths and to the theoretical uncertainties arising
from neglecting the two-loop diagrams. In particular, the relative errors for the different channels has been estimated starting from the
power counting performed in [5] and replacing the right quantities for the charm sector. In doing so we found the following conservative
uncertainties: 15% on hcir, 25% on J/¢ m and 10% on ¥ (2S)wr. The DD* channel has no theoretical error, being a tree-level process. Note
the relevant amount of spin symmetry violation, much larger than in the bottom sector [5]. Using again the amplitudes computed in [5]
- the relevant Lagrangian being the one reported in Eq. (8) - and the PDG values for the total widths [25], we can obtain the ratios we
are looking for:

BR(Z h BR(Z
(Ze > hell) _ 341021, BRUEZc D J/VT) _ ¢ 351049 (15)
BR(Z{ — he ) : BR(Z: — ] /¥ ) )

While this work was written up, a paper discussing the decays Zé') — 1c p in an Effective Lagrangian approach appeared [26], quite in
agreement with our results.

4. Conclusions

In this letter we discuss the possible decays Zg') — 1 p within the most accepted phenomenological models.

Concerning the tetraquark pictures, we used both the type I [3] and type II [15] paradigms, with and without taking into account a
recently developed dynamical picture [20]. The outcome of this analysis is that all the considered models predict at least one of Z. and
Z; to decay copiously into 1. p. On the other hand, within the molecular model, we used NREFT [5] to evaluate the branching fractions.
We found that the Zé') — n¢ p channels are strongly suppressed with respect to both Z. — J/¢ 7 and Z. — hcm, and hence there is
a fair probability for these decays not to be seen. In Fig. 6 we can appreciate indeed that the prediction for the Z/ is well separated
between tetraquark and molecular models. For the Z. the predictions are well separated in a type I model, whereas molecular and type II
tetraquark model give solutions compatible at 2o level. In the latter plot we include the dynamical estimates, but our results are even
better separated if we consider the pure kinematical evaluation of the tetraquark decays.

Moreover, the molecular picture predicts BR(Z. — hc7)/BR(Z, — he ) < 0.88 and BR(Z, — J/¢¥ 7)/BR(Z. — /¥ ) < 1.86 at
95% C.L. While the former seems in agreement with the experimental h 7t invariant mass distribution (where a hint of Z; is seen, albeit
not statistically significative), it might be in contrast with the latter, which does not show any hint for Z.. If the molecular hypothesis is
correct, a higher statistics should make the Z. visible in J/y 7.

According to these results, the analysis of the n. p final state could shed some light on the long-standing problem about the interpre-
tation of the Z. and Z, states.
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::;;inz.rll rules involving the p meson. The charge conjugated of all rules gain an additional minus sign.
Process Relativistic rule Non-relativistic rule
D(P) — p(k,mD(q) —iv2MpBgv (v - ") ~iv/2MpBgy (k- ii* /mp)
D(P) — p(k,m)D*(q, €) —+/2MpMp~ gy re""P% v €5k pny 2ZMpMp- gy Aekkip*iexk
D*(P, ) — p(k, m)D*(q. €) iv2Mp: gy B(e* - 1) (v - %) —iv2Mp-gv BE* - ) (k- ij* /m,)
+iv2Mp- gy AL(€* - n*)(h-k) — (€* k) (0. )] +iv2ZMp- gy A[E* R (K- 77*) — (€ - ) (X - )]

Appendix A. Heavy meson chiral Lagrangians

We report here a brief review on heavy meson chiral Lagrangians in the case of the interaction with light vector mesons [22]. The
interaction Lagrangian is given in Eq. (9), where Hq, and Hy, are the Heavy Quark Effective Theory bi-spinors for mesons and anti-mesons
respectively:

1+ _ _ _
Hig = (Ty> [Va' Vi + Pays]. Haa=[VEvu — Pays] (Ty> , Hiza= VOHI,ZGVO (A1)

1 1-— 1 1-— , 1 , 1—
o 1 R S N e e

where v, is the heavy meson velocity and a is a flavor index. The fields V# (V#y and P (P) annihilate a (anti-)vector and a (anti-)pseu-
doscalar respectively according to V# |V (q, €)) = €//My |0), P|P(q)) = +/Mp |0). In the definition of x,, we omit the C = +1 P-wave

charmonia. For light vector mesons, we follow the anti-hermitian convention of [22], i.e. p, =igy ﬁu/ﬁ, where:
5 _(,O,g/ﬁ—i-a)u/\/f o )
w = _ s
P —Pp/IN2Z+wu/V2

and gy =~ 5.8 [22,23]. Starting from the Lagrangians (9) one can obtain the Feynman rules for different processes, which we report in
Table A.1. The non-relativistic limit can be obtained by letting v — (1, 0).

(A3)

Appendix B. Amplitudes and loop integral

According to the Feynman rules found in Table A.1 and in [5] the non-relativistic one loop amplitude associated with the processes in
Fig. 3 is:

Qo7 0 4
Aamp=2J2MZMnQWg2[ﬁ{%ﬂﬁlOKMDJWWUMDHM)+1%MDhNb,MDﬂQM) (B.1a)
o
+ 5 (G g, — GG’ ) (I'Mp, M+, Mp+3 4,) + I'(Mp+, Mp, Mp:; Qp)):|» (B.1b)

where 1 and 1 are the spatial polarizations of the Z. and of the p respectively and g, is momentum of the outgoing p. The overall factor
of 2 comes from the charge conjugate diagrams. I'(mq, my, m3; q) is the non-relativistic loop integral with three propagators:

. i [ od4 (q—2))'
thmmm®=§fam4 . ! — (B.22)
(10— e —my +ie) (MZ@ Ny —mz—l—ie) (10—q0— ca —m3+ie)
It can be computed with the same techniques explained in [5] and it gives:
I'(m1, ma, m3; q) =q' [Io(m1,ma, m3; q) — 211 (M1, ma, m3; @], (B.2b)
with:
M12/423 1 €3 —cn2 1 2a+ci2—c23 )}
Io(mq,my, m3;q) = tan —————— ] +tan _— =], B.2ca
ol Mz M3 16wa[ (zm) (zm (B2
1 (121423
Iy(my,my, m3;q) = %a [T [B(c23 —a) — B(c12)] + (€23 — c12)lo (M1, M2, m3; CI)} . (B.2cb)

2
In particular, p;; is the reduced mass between m; and mj, a = (’;1—233) q?, c12 =2p12(my +my — Mz») and cz3 =223 (mz +m3 +qo +

i .
oms Mz(/)). Lastly.

c—ie
4T

B(c)=— (B.2d)
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For the case of the Z, we have, instead:

Azinep = 2y/2MzMyZ 828y | 1(G-al, — (-G ) (1'(Mp+, Mo+, Mp; 4,) + I'(Mp+, Mp+, Mp+3dy) ) (B3a)
Ao 1.1, .
+2/3m—)~I(MD*,MD*,MD*,Qp) . (B3b)
P
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