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Study on contributions of hadronic loops to decays of J/¢ — vector + pseudoscalar mesons
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In this work, we evaluate the contributions of the hadronic loops to the amplitudes of J /¢ — PV where
P and V denote light pseudoscalar and vector mesons, respectively. By fitting data of two well measured
channels of J/¢y — PV, we obtain the contribution from the pure OZI process to the amplitude which is
expressed by a phenomenological quantity |G|, and a parameter « existing in the calculations of the
contribution of hadronic loops. In terms of « and |§§V|, we calculate the branching ratios of other
channels and get results which are reasonably consistent with data. Our results show that the contributions
from the hadronic loops are of the same order of magnitude as that from the OZI processes and the
interference between the two contributions are destructive. The picture can be applied to study other

channels such as PP or VV of decays of J/4.
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I. INTRODUCTION

By the commonly accepted point of view, narrowness of
the J/i resonance is interpreted by the OZI rule [1].
Namely, J/¢ dissolves into three gluons which would
then hadronize into measurable hadrons and these pro-
cesses are OZI suppressed. In Fig. 1, the three-gluon
process diagrams are shown and they are single-OZI-
suppressed (SOZI) or double-OZI (DOZI) suppressed.
Generally one can ignore the contributions from DOZI.

Because of complexity of the loop calculations and
nonperturbative QCD effects which govern the hadroniza-
tion, accurate estimate of the contributions from such OZI-
suppressed processes to the decay rates is still missing.
Therefore one cannot rule out other possible mechanisms
which also make substantial contributions to the decay
rates of J/i and other family members of charmonia.

Meanwhile, in the charm-tau energy regions, some phe-
nomena cannot be understood in the regular theoretical
framework. The pm puzzle [2] is the most challenging
one. Rosner recently suggested [3] that this puzzle may
be explained by the 2S-1D mixing. There exists an alter-
native possibility which might explain the surprisingly
small branching ratio of (3886) — pr, i.e. the final state
interaction (FSI) [4-6].

Of course the first challenge to theorists is to correctly
evaluate the widths of the exclusive J/i nonleptonic de-
cays. Besides the OZI-suppressed mechanism, there exists
another possible process which may also contribute to the
amplitude. That is the contribution from the hadronic
loops. In fact, except the phase space for various channels,
the mechanism where three gluons are exchanged, should
be flavor-blind and universal for all the processes. It is
another reason to motivate us to seek for a new mechanism
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because a simple analysis indicates that data of J/ decays
do not manifest the expected universality.

This picture looks similar to that for the final state
interaction (FSI) [4,5], but essentially different. In the
FSI picture, J/i or #(3770) decay into two real hadrons
and the two real hadrons rescatter into another pair of
hadrons which have the same isospin structure, but differ-
ent identities, via strong interaction. In that case, the two
hadrons, no matter in the intermediate stage or in the final
states, are real and on their mass shells, therefore the two
light hadrons cannot be charmed mesons such as D or D*
due to constraints of momentum-energy conservation i.e.
My, <2Mp (or Mp + Mp-). One can derive the rescat-
tering amplitude by calculating the absorptive (imaginary)
part of the so-called triangle diagrams [4—-6].

There exists a different contribution. Recently, Suzuki
[7] indicates that the real part of the triangle where the two
intermediate hadrons in the triangle can be off-shell virtual
ones, does also contribute. Thus to estimate the corre-
sponding contributions, one needs to calculate the disper-
sive (real) part of the triangle. The diagram corresponding
to the hadronic loops is shown in Fig. 2 (there may be more
similar diagrams which contribute to the processes (see
Fig. 3)).

In fact, such a mechanism should also exist in all the
decay modes of J/¢ and make sizable contributions. In
this work, we are going to evaluate the contribution from
the hadronic loops where the intermediate hadrons are off-

mass-shell.
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FIG. 1. (a) and (b) correspond to the SOZI and DOZI pro-

cesses for decays of J/i — two-light mesons.
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FIG. 2. The hadronic loop diagram where the two hadrons
inside the triangle are timelike, but virtual ones and the ex-
changed hadron possessing appropriate quantum numbers are
also off-shell.

The physical picture is following: J/¢ first dissolves
into two virtual hadrons, then by exchanging an appropri-
ate hadron (i.e it possesses appropriate charge, flavor, spin
and isospin) they turn into two on-shell real light hadrons
which are to be seen by detector. The two intermediate
hadrons are charmed hadrons, which contains flavor ¢ or ¢,
thus the transition J/¢ — H,H, where H, and H, are the
two charmed hadrons, does not suffer from the OZI sup-
pression. It is noted that the authors of [8] discuss a
possible mechanism for the relativistic heavy ion collision,
where J /4 absorbs a pion existing in the hot environment
to transit into two charmed mesons and the process may
influence the observed J/i suppression at RHIC. Even
though such process is different from that under discussion
of this work, the pictures have similarities.

In the practical calculations, the coupling constant of the
effective vertex cannot be obtained by fitting data because
such a process cannot occur due to the limited phase space.
Then certain reasonable symmetries are invoked to get the
coupling constants. We can argue that even though the
coupling constant itself is not accurately determined, the
qualitative conclusion is not seriously influenced.

In contrast with the derivation of the absorptive part of
the triangle, the loop integration seems to be ultraviolet-
divergent. In fact, following the standard procedure, the
effective vertices are obtained from the chiral Lagrangian
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where all the concerned hadrons are on-shell, i.e. are real
ones. To compensate the off-shell effects of the hadrons in
the triangle, one may introduce form factors at each vertex.
The form factors are inversely proportional to (¢*> — A?)
where A is a phenomenological parameter [4] which is
expressed in terms of another phenomenological parameter
« (see the following text for details). Because of existence
of the form factors the ultraviolet divergence disappears,
namely A indeed plays a role similar to the cut-offs in the
Pauli-Villas renormalization scheme [9,10].

Picture is as follows, because, so far, we cannot derive
the contribution from the OZI-suppressed processes (i.e.
via the three-gluon intermediate stage) to the total ampli-
tude based on the quantum field theory yet, we denote such
contribution by a phenomenological parameter |G%Y|
which should be fixed by fitting data.

Therefore, by the simple picture, there are only two
parameters, i.e. & and |§§ Y. Concretely, we suppose that
both the direct three-gluon process and hadronic loops
contribute to the amplitude altogether, by fitting data of
two distinict channels of J/¢ — PV where P and V stand
for pseudoscalar and vector mesons, respectively, we ob-
tain the values of & and |G%Y| simultaneously. Here we
choose to study processes J/¢ — PV, since there are more
data available. Of course when we derive |g§ V| from data,
we have to carefully take care of the phase space of final
states. Applying the obtained @ and |GLY|, we evaluate the
rates of other J/¢ — PV channels.

Indeed, our numerical results show that a destructive
interference between the three-gluon process (OZI) and the
hadronic loop can result in rates which are satisfactorily
consistent with data. We will give a detailed discussion in
the last section.

This work is organized as follows, after the introduction,
in Sec. II, we formulate the hadronic loop contribution for

P
D*O
J/y L D*0
D() 0
T

(e) )

FIG. 3. The Feynman diagrams which depict the decays of J/¢ — p%#® through D™ hadronic loops.
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J/yp — PV. In Sec. III, we present our numerical results
along with all the input parameters. Finally, Sec. IV is
devoted to discussion and conclusion.

II. FORMULATION

The effective Lagrangian for J/¢ decaying into light
pseudoscalar and vector mesons is written as [11]

L =(GY + Gh)errbe, Tia,PTa,V,]
+ GhVerrabe, Tilo,PT1 T4V, ] (1)

where GEV, GFV and G1Y respectively denote the effective
couplings corresponding to single OZI diagram [Fig. 1(a)],
double-OZI diagram [Fig. 1(b)] and hadronic loop diagram
(Fig. 2). In this work, we neglect the DOZI contribution. P
and V respectively denote the nonet pseudoscalar and the
nonet vector meson matrices

a0 | Kymtxy + +
N + N T K
P = _ a0 Xpntx, 0 ,
T 7 +_70 7 K
K- K Yo + yyn’

2)
J

L = lg]/ngD[Dlg DJT]GM + gj/(//DD*f’uVaBE 8 D BﬁD
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V = - _P 4 @ #0 ], 3
p 7 + N/l K 3)
K*7 K*O ¢

In the above expression, x,,
mixing, and

, and y, . describe the 7-7's

_ _cosﬁ—\/fsinﬁ

A T
__sinf + V2 cosh
Y

“)

where § = —19.1° [12] is the mixing angle of 5 and 7’.

Taking J/¢ — p°7° as an example, we illustrate the
calculations of the contributions from hadronic loops.

The Feynman diagrams describing the contributions of
the hadronic loops to J/¢ — p°#° are depicted in Fig. 3.
In the hadronic loops of Figs. 3(a)—3(f) only D™O and
D™0 are involved, but of course they can be simply re-
placed by D™= to compose new diagrams.

In the former works [13,14], the effective Lagrangians,
which are related to our calculation, are constructed based
on the chiral symmetry and heavy quark symmetry as

+igy o o[ D9, DiNer — Dirt(s,Dr)e”

. " 1 . ) i . .
— (D*5,Diie] +{ 2D D PEurap D P " DT — igppp(Dio*P,; Dt — DiiowP, DY)

- igD:D\/D;raMDj(\/’U“); ~ 2f 1 DVE (04 VY)i(Df

T 4ifpepey DI @HV — 9PV D] }

where D and D" are, respectively, pseudoscalar and vector
heavy mesons, i.e. D* = ((D°)*), (D7), (D;)™). The
actual values of the coupling constants will be given in the
following section.

With these Lagrangians, we write out the decay ampli-
tudes of J/¢ — p°7°. For Fig. 3(a),

Ma = ‘?"po 0 ](2 )4 [lgl/z#DD s,u,Va,BEj/,/,(lpz)(lp])]

X ligppp(—p1 — @) - €,1 80 pr(ipay)]
Xt A L Py ) 6

— 2 2 _ 2 2 _
Py — mp p; — My g mp

For saving the space, we collect the concrete expressions
of the amplitudes corresponding to Fig. 3(b)-3(f) in the
Appendix.

8" DB —

Bt X 4N . syt ®j i
D19 D)) + igp oy D9, DY (V)

&)

In the amplitudes, A 00 = 1/2. F(m;, g*)s represent
the form factors which compensate the off-shell effects of
the mesons at the vertices and are written as [15]

2_ .2

F(mi, q?) = H )
where A is a phenomenological parameter. It is obvious
that as g> — 0 it becomes a number and if A > m;, it turns
to be unity. Whereas, as g*> — oo, the form factor ap-
proaches to zero. In that situation, the distance becomes
very small, so that the inner structure would manifest itself
and the whole picture of hadron interaction is no longer
valid. At that region the form factor turns to zero and plays
a role to cut off the end effect. The concrete expression of
A is represented as [16]

A(m;) = m; + aAgep, 3)
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where m; denotes the mass of exchanged meson. Agcp =
220 MeV. « is a phenomenological parameter. In fact, in
literature, some other forms for the form factors are sug-
gested [17], all of them depend on phenomenological
parameters which are obtained by fitting data, therefore
in the calculations all the forms are somehow equivalent
even though some of them may provide a better convergent
behavior for the triangle loop integration. That is very
similar to the case of the pauli-Villas renormalization
scheme [9,10].

Taking Fig. 3(a) as an example, we carry out the
Feynman parameter integration for (6) and get

1
M(a) = ‘Ap”#ﬂgl/z//DD*gDngD*Dwﬁ dx
1= 2 A(mp, mp, A(mp))
X d 1
ﬁ y[<4w>2 °g< Amp, mpr, mp) )

(M= mp)y
8772A(mD» mps, mp)

}(_zguvaﬁey/lpengpf):
€))

where

Afa, b,c) =m3(1 —x—y)> = 2(p3* py)(1 —x — y)x
+ mﬁx2 — (m% —a?)(1—x—y)

— (m3 — bH)x + yc?,

ms (my), p3 (p,) are the masses and four- momenta of p°
(), respectively. Because of the form factors, the ultra-
violet divergence does not exist as expected.

We use the same method to deal with the amplitudes
corresponding to Fig. 3(b)—3(f) and also put them in the
appendix.

To obtain the amplitudes corresponding to hadronic
loops which contain D™* one only needs to replace the
parameters corresponding to D™° and D®° by that to
D™+ and D™~ in the above six expressions (9)—(17)
and (A1)—(A10). Thus contribution from the hadronic
loops to the total amplitude can be eventually expressed as

0.0

MET =My + My + Mo+ Mg+ M, + My)
+ (M, + My + M, + M,
+ M, + M)

— GP'm

0
H (a)suua557/¢fngpf’ (10)

M ()0 1M ()

where g;;"””(a) denotes the effective coupling for J /i —

p°7° induced by the hadronic loops where Gzoﬁo(a) is a
function of variable «.

Similar to J/¢ — p°7°, we can also obtain contribu-
tions of hadronic loops to J/¢ — K*" K~ + c.c., K*°K° +
c.c., o), ¢ 1t is noticed that the hadronic loops for
processes J/¢ — K** K~ + c.c., K*K° + c.c., ¢n") in-
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clude Dg*)(i) mesons and in the calculations, the coefficient
A o0 is replaced by Agx =1 (or ﬂlwn(/) = xn(/>/2,
led,,,m = yn('>/2)-

We have obtained seven quantities which contain both
contributions of the OZI process and the hadronic loop

G/ = GEVBI'™ + GL (a), (11)
GFK =GR 1 Gl K (@, (12
Ge" = G§'B" + Gy + Gy (a), (13)
G = GEY BT + G + Gy (@), (19)
G =GE B+ G + G, (19)

G =GB + G + G (@), (16)
where the contributions from the DOZI processes are

. . () 0]
ignored, i.e. one can set Go7 = G&7 = 0. Geometry
factors BV satisfy the following relation:
PO’ aK K. gon. g’ pdn. pdn _ 11 o
5 Bs :Bs "By s Bg' = Lilixyixy iy, iy,
(17

The SU(3) geometry factors B°Y is obtained by taking the
trace Tr(PV) as J/4 is an SU(3) singlet, and in fact, it is
just the SU(3) C-G coefficient for the concerned channel.

Thus using Egs. (11) and (12), the parameter a is
determined. With it, we are able to calculate the values
of GhY.

ITII. NUMERICAL RESULTS

Because of the flavor SU(3) symmetry, it is reasonable to
set 8/yp.p, =~ &s/ypp- Based on the naive vector domi-
nance model and using the data of the branching ratio of
J/ip— eTe”, the authors of Ref. [18] determined
gi /DD /(47) = 5. As a consequence of the spin symmetry

in the HQET, g,/,p p: and g;/,p:p: satisfy the relations:

81/yp,0: = &ujyon,/Mp, and gy = &y/yp.p, [19].
Other coupling constants related to J/¢ — PV include

[16]:
8D Dmr Z_g

8D T T —— =
7 \Mphp* fary

_forpv _ Agy g _ meg
DDV = =— D'DK = | &8p*Dm
mpx '\/_2‘ ) mp

me mp
~8D*Dm> 8v = >

mp= f7T

where f,. = 132 MeV, gy, B and A are parameters in the

effective chiral Lagrangian that describes the interaction of

P — 1
DDV D*D*V \/z,

8DiDK =
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heavy mesons with low-momentum light vector mesons
[14]. Following Ref. [20], we take g = 0.59, 8 = 0.9 and
A =0.56 GeV~! [21]. Meanwhile, the coupling constants
8D (k") (f DD ¢>(K*)) are related to  gpmpe P
(fpwpw,) and one can expect the relations in the limit of
SU(3) symmetry [16]

mD(*) mD(*)

Erne , = ——— & p Frone, =———fpepm
Ds Ds d’ mD(*) D™D P’ D: D: (ZS mD(*) DD p’
8 = mDﬁ*)g
W pE s = |8 pHp® p
DHPYK Mo P
_ [
Spopegr = —fD(*)D(*)p-
! m p

Using Egs. (11) and (12), we have determined « and
GtV as

a=013 |G| =451

Namely, in our scheme, the hadronic loop contribution
to J/¢p — PV is theoretically calculated whereas the OZI
contribution is obtained by fitting the data of the two
channels. The obtained |G%Y| = 4.51 is supposed to be
universal for all channels of J/¢y — PV based on SU(3)
symmetry. With Egs. (13)—(16), we predict the values of
G"V for all channels of J/¢ — PV. The obtained results
are listed in Table I.

IV. CONCLUSION AND DISCUSSION

From above discussions and numerical results, one has

the following observations.

(1) The contribution from the hadronic loops is sizable
and has the same order of magnitude as that from the
SOZI process.

(2) To get reasonable results which are consistent with
data, the interference between the SOZI contribu-
tion and that from hadronic loops is destructive.

(3) We derive the parameter « and the universal |G%" |
by fitting data of the first two distinct modes of J /s
and present in the first two columns of Table I. In our
picture, there are only two free parameters. The
values of G"V which we predict in terms of « and

£V are reasonably consistent with the experimental
data.

PHYSICAL REVIEW D 74, 074003 (2006)

In this work, we rely on two key assumptions. The first is
that the value |G%"| is universal for all channels of J/¢ —
PV due to the flavor-blindness of gluon coupling to quarks.
This treatment is similar to that made [8] for study process
7w+ J/— D™ 4+ D™ in a hot RHIC environment.

In this work, we reparametrize A in terms of « following
the ansatz suggested by the authors of Ref. [16]. It seems
that one may gain some information about the parameter «
from the FSI calculations [4,6], however, it is not really the
case. Even though in both calculations, one deals with the
triangle diagrams which are composed of only hadrons, the
situations are different. For FSI, one calculates the absorp-
tive part where only the exchanged meson is off-shell,
whereas for the calculation of the dispersive part, all the
three mesons in the triangle are off-shell. Form factors are
phenomenologically introduced to compensate the off-
shell effects at each vertex, thus the form factors should
not be the same for calculating the dispersive and absorp-
tive parts, i.e. even though they have the same expressions,
the involved free parameters may be different. It is noted
that in the FSI case, the value of « in the form factor is
expected to be of order unity [16], but in the case of
hadronic loop the value of « is obviously smaller. In our
strategy, we do not priori set its value, but let data deter-
mine it.

As our conclusion, it is obvious that the contribution
from the hadronic loop to J/¢ — two-light mesons should
exist. The question is how large it is compared to that of the
SOZI processes. Namely, if only the SOZI process is
responsible for the decays of J/i, it is hard to explain
the data and as the contribution from the hadronic loops
being added, one can see that the data are well accommo-
dated within a tolerable range. In our scenario, there are
only two parameters in the whole scenario and they are
determined by fitting data of two channels. With these two
parameters, we evaluate the branching ratios of the other
channels of J/¢ — PV and the theoretical predictions are
consistent with data. It indicates that the ansatz is reason-
able and the whole picture makes sense. Indeed, there is
only one channel, i.e. J/¢y — w7, for which the theoretical
prediction on the branching ratio is about 0.6 of the ex-
perimental data. Even though there exists such a discrep-
ancy, for a rough estimate the consistency is not bad at all
and we would like to urge our experimental colleagues to
redo the measurement to get more accurate results. On the
other side, so far the SOZI processes have not well calcu-

TABLE L. The first two modes are well measured, we obtain « and |GLY| = 4.51 by fitting them.

Decay mode pOa® K"K +cc. on o7’ wn wn'
BR X 1073 (Experiment) [22] 4.2 +0.5 5.0+x04 0.65 £0.07 0.33 = 0.04 1.58 £0.16 0.167 = 0.025
GtV (1073 Gev ™) 2.08 £0.25 1.65 = 0.26 0.89 =0.096 0.71 £0.086 1.27 +0.13  0.46 = 0.069
Gghy (1073 GeV™!) (Theory) 6.59 6.16 3.55 5.13 5.46 4.07
G"" (1073 GeV™!) (Theory) 2.08 (fitting) 1.65 (fitting) 0.92 0.62 0.95 0.40
BR X 1073 (Theory) 4.2 (fitting) 5.0 (fitting) 0.70 0.25 0.86 0.14
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lated in the framework of quantum field theory yet, we also
need to complete such a derivation and detect the value
which we obtained by fitting data and assuming a univer-
sality for all modes. To be more accurate, however, further
theoretical and experimental efforts may be needed. This
mechanism should exist not only for J/¢ exclusive decays,
but also for other members of charmonia. However, for
higher excited states of chamonia, the channels with final
states composed of charmed hadrons are open, and the
situation becomes more complicated. This picture also
applies to the Y decays and can be tested by the future
experimental data.

PHYSICAL REVIEW D 74, 074003 (2006)
ACKNOWLEDGMENTS
This work is supported by the National Natural Science
Foundation of China (NNSFC).
APPENDIX

One obtains the decay amplitudes of J/¢ — p°#° cor-
responding to Fig. 3(b)-3(f).
For Fig. 3(b),

=A 0 0/(2 )4[ng/¢DD* Muaﬁffj/,,,(lpz)(lpl)][ 2ifppp€ Kf)w(ng‘)eﬁ(—ip{t — iq")][igD*D*wswgaw(ipi)(—ipg)]

i i(—g*™) l( 2"™) o
X f (mp+ %)

For Fig. 3(c),

d'q . . . . . . i
M. = ﬂpow‘) [W[lgl/d/DD(pl —p2)- 61/¢][_2lfD*Dp8K§M(lpfz()fg(_lpi\ - lq/\)][gb;‘ﬁbw(lpf)]pz_—mz
1

X

i i(— g,”)
2

)
P> mp, q* mD*

.7:2(’710* )

For Fig. 3(d),

(A

D

(A2)

dq . . . . . . .
My = ﬂp”w‘) /W{gj/wa*o*[ll”fff/w - 1P555/¢ —i(py—p1)- fj/wg”y]}[zlfD*Dpswgaw(w?)fi(_lPis - lqﬁ)]

X [gD D#(lp )] ( g#) lg__gyaz) 2 _l 2 TZ(mDJ qz) (A3)
My P3 ~ M g7 — mp

For Fig. 3(e),

d*q . . : .
M= A [ 2 {81y prlivie),, —ipy ey, —i(py = p1) - €1y8" =8 pp(—ip1 — iq) - €,8°F
. @ . l( 8 a) l'(_gmr) l( 8 )
- 4fD*D*p(lp3 ep lp3 p)}[lgD D*m W{Sm(lp _lp2)] ~ ) — B j:'z(mD* 2)- (A4)
m2. p3—mi. ¢*
For Fig. 3(f),
d4 - B : : 6T I P T 20
Mf = lep‘]ﬂ'o (2 )4 [ng/L(/DD S,u,Va,BEj/lp(lpz)(lpl )]{_gD*D*p(_lpl - lQ) T€,80 T 4fD*D*p(lp3 p lp36p)}
. i(—g5) i l( )
X [gD*Dw(lpzl)] 85 g Fmpe, ¢?). (A5)
—m2. p}—m} ¢* —m3.

By further calculations, we obtain
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(A% —m2.)y B 1
167TZA2(mD, mp-, A(mD*)) 167TZA(mD, mp-, mD*)

1 1—x
M) = ‘Ap“wog!/l#DD*ZfDD*pgD*D*ﬂ'jo dx/o dy{[

1
_l’_
1672 A(mp, mp-, A(mp-))

2 A(mp, mps, A(mp+)) (A2 —m2.)y
+ 22vm2m? — 2 22 | + 1 D> '"'D D > _ D
R xym3m4} [(4’#)2 0g< A(mp, mps, mp+) 872 A(mp, mp:, mp+)

}[—hyz(ps pa)? = 2x2y(p3 - pa)* + 2xy(p3 - pa)?* + 2xy*mim;

X [(=6y — 2x + 1)(p3 - pa) + 2m3 — 2m3x — 2m3y + 2y(p; - p4)]}8ﬂm;;67/¢65p§‘pf, (A6)

1 1—x 2 A(m . mp, A(m X)) (AZ _ mz*)y
My = ‘APOWOgJ/lﬁDDfDD*pgDD*Wﬁ dx/;) dy[ lo ( D 7D D >_ D }

(4)? A(mp, mp, mp-) 872 A(mp, mp, mp:)

X [_88MVQ'[;€¢/¢€ZP?P£], (A7)

(A? = mp)y B 1
16772A2(mD*; mp+, A(mp)) 1677'2A(mD*: mps, mp)

1 1—x
M) = ﬂpowogl/lﬁD*D*fDD*pgD*Dﬂ"/;) dx/; dy{[
1
+
1672 A(mps, mp-, A(mp))
A(mp:, mp-, A('”o))) (A2 — m3)y

. _
(4m)? Og( A(mp:, mp:, mp) 8> A(mp, mpe, mp)

}[4x2mﬁ +4x*(p3 * pa) + 4xy(ps - pa)]

- 12[ }}amﬁehe;pgpf, (A8)

(A2 —m2.)y B 1
2N (mpe, mpe, A(mpe)) 1672 A(mpe, mp:, mp)

1 1—x
M = ‘ApowogJ/l//D*D*gD*D*wj;) dxﬁ) dy”:l&r
1
+
167 A(mps, mp-, A(mp:))
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