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In this work, we predict two charged charmoniumlike enhancement structures close to the D*D and
D*D* thresholds, where the Initial Single Pion Emission mechanism is introduced in the hidden-charm
dipion decays of higher charmonia (4040), ¢(4160), /(4415) and charmoniumlike state ¥(4260). We
suggest BESIII to search for these structures in the J/¢art, (2S)w* and h,(1P)7" invariant mass
spectra of the (4040) decays into J/ym* 7, ¢ (2S)m*#~ and h,(1P)7w* 7. In addition, the
experimental search for these enhancement structures in the J/ o™, (2S)7™ and h, (1P)7™ invariant
mass spectra of the ¢ (4260) hidden-charm dipion decays will be accessible at Belle and BABAR.
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L. INTRODUCTION

In past years, experimentalists have made big progress
on the search for the charmoniumlike states, the so-called
XYZ states, in the B meson decay, the et e collision,
and the yvy fusion process, which has aroused extensive
interest in revealing the underlying properties of the
observed charmoniumlike states (see Refs. [1-5] for
areview). The study of charmoniumlike states is a research
field full of challenges and opportunities in hadron
physics.

Very recently, the Belle Collaboration [6] reported two
charged Z,, structures around 10610 MeV and 10650 MeV
by studying the Y(nS)7" (n =1, 2, 3) and h,(mP)m™"
(m =1, 2) invariant mass spectra of Y(5S)—
Y(nS)m" 7=, h,(mP)mw" 7~ hidden-bottom decay chan-
nels (see Refs. [7-17] for theoretical progress). In
Ref. [17], we proposed the initial single pion emission
(ISPE) mechanism to explain the observed Z, structures.
By emitting a pion, Y(55) decays into B*) and B*) mesons
with low momentum. Then, B®) and B®) mesons interact
with each other by exchanging B”) meson and transit into
Y (nS)m" or h,(mP)mr*. Here, two structures near the BB*
and B*B* thresholds appear in the Y(nS)m* and
h,(mP)7™" invariant mass spectra, which could correspond
to Z,(10610) and Z,(10650) [6].

As justindicated in Ref. [17], if the ISPE mechanism is a
universal mechanism existing in heavy quarkonium decay,
we can naturally extend such a physical picture to study
hidden-charm decays of higher vector charmonia due to
the similarity between charmonium and bottomonium fam-
ilies, and predict some novel phenomena similar to the Z,
structures.
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In the Particle Data Book [18], six vector charmonia
are established well, which are J/¢, (2S), (3770),
(4040), 4(4160), and (4415) with [6(JFC) =
07(177). Among these charmonia, only (4040),
(4160), and /(4415) are higher than the thresholds of
DD, DD*, and D*D*. Thus, we study the hidden-charm
decays of (4040), /(4160) and i (4415) via the ISPE
mechanism. From the analysis of such modes, one indi-
cates that enhancement structures similar to the charged Z,
also exist in the charm case.

In addition, in this work we will study the hidden-charm
decays of Y(4260), which is an important charmoniumlike
state observed by the BABAR Collaboration in the et e~ —
Yisgd/ Wt ™ process [19]. Its mass, width, and JP€ are
42638 MeV, 95 = 14 MeV,and 1~ [18]. The study pre-
sented in Ref. [20] indicates that Y (4260) can be related to
charmonia (4160) and (4415), where the Y(4260)
structure can be reproduced by the interference of produc-
tion amplitudes of the ete™ — J/m* 7w~ processes via
direct e*e” annihilation and through intermediate char-
monia ¢ (4160) and ¢ (4415) [20]. We naturally apply the
ISPE mechanism existing in /(4160) and ¢ (4415) decays
to discuss the hidden-charm dipion decays of Y(4260).
Thus, studying Y(4260) hidden-charm decays through the
ISPE mechanism is an intriguing issue, where we will
also predict some enhancement structure similar to the
charged Z,,. As announced by BABAR [19], Y(4260) was
first observed in its J/ 7" 7~ decay channel. Searching
enhancement structure in the J/ 7r invariant mass spec-
trum of Y(4260) — J/ st 7~ will be accessible in future
experiments, which could provide a direct test to the non-
resonant explanation for ¥(4260) proposed in [20].

This work is organized as follows. After the
Introduction, we illustrate the hidden-charm dipion decays
of higher charmonia under the ISPE mechanisms. In
Sec. III, the numerical results are presented. The last
section is the discussion and conclusion.
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II. THE HIDDEN-CHARM DECAYS OF
HIGHER CHARMONIA

A. The ISPE mechanism

With (4040) — J/¢7m" 7~ as an example, we first
illustrate the possible decay mechanisms in the dipion
hidden-charm decay of higher charmonium. ¢ (4040) can
directly decay into J/ 7" 7~ . In Refs. [21-23], the QCD
Multipole Expansion method was proposed and can be
applied to calculate such direct decay process. The second
mechanism is that the dipion is from the intermediate
scalar (o(600), f((980)) or tensor (f,(1270)) meson,
where the hadronic loops constructed by the D™ mesons
could be as a bridge to connect #(4040) and J/ 7t 7~
(see Ref. [24] for more details).

The remaining decay mechanism existing in the hidden-
charm dipion decays of higher charmonia is the ISPE
mechanism, which was first proposed in Ref. [17]. By the
quark-level diagram we give an explicit description
(leftside diagram in Fig. 1) of the ISPE mechanism in
¥ (4040) — J/ a7~ decay. The physical picture is
that with a pion emission #(4040) first dissolves into
D™ and D™ mesons with low momentum, which further
turn into J/yar". Here, DWD® — J/ar™ transition
occurs via exchanging D™ meson [17].

An equivalent hadron-level description is also presented
in the rightside diagram of Fig. 1, which can be as an
effective approach for dealing with the practical
calculations.

B. Effective Lagrangian and coupling constant

We adopt effective Lagrangian approach to calculate
these hadron-level diagrams listed in Fig. 1. Here, the
effective Lagrangians involved in the interaction vertexes
in Fig. 1 include [25-27]

.E d//D(*)D(*)ﬂ. = _lg,’[//DDWSlLVaBl//;LaVDaaWaBD_
+ gy pa¥"*(DwD}, + Dy, 7D)
— igypp 2P, D30 DY,

- ih,l,/D*D*ﬁs'“”“ﬁalu l//l,,DZ 7TD_:Z_3,

Quark Level

Hadron Level

FIG. 1 (color online). (Color online.) The quark-level (left-
side diagram) and hadron-level (right-side diagram) descriptions
of the ISPE mechanism existing in the hidden-charm decays of
higher charmonia.
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where ' denotes the initial state charmonium (one of the
1 (4040), (4160), y(4415) or Y(4260)). This Lagrangian
reflects the initial state charmonium decays into D™ D™ 77.

Ly po, = i8ppa(Dyd*wD — Do*7Dy)
— g p n€*"* P9, Dy D,
igypp ¥ ,,(0#DD — Do*D)
— gyppe"" P, ,(0,D3D + Da, DY)
— igyppiy*(9,D*D; — D*9,D3)
+ (9, ¢,D" — ,3,D")D**
+ D**(470,D;, — 3,4" D)},
= gu.ppht (D, D + D},D)

+igy prpre"**Pa ,h., DDy,

L yDWDH =

‘Ehl.D(”D(*)

which will be applied to describe a rescattering mechanism
involving in the two charmed mesons into J/ ¢ 7 or h.r by
exchanging a D meson. In the above Lagrangians, D and
D* are grouped together on the basis of heavy quark
symmetry while that pions appear as the result of a repre-
sentation of the chiral symmetry. In addition, we define
charm meson isodoublets as D) = (D0 p)+) pHT =
(DO, D®~) and 7 = 7 - 7 [25].

The values of the coupling constants can be determined
by the relations

mp mp m¢
= 8yD' D" = 8y DMy T >
4 mh, ¥ ¥ m f1/;

8h.DD* = _2g1\/mhcmDmD*’
mpy«
= 2gl »

NUO
Sp e = 8p'pr _ 28
7 W Mphp+ fw’

— m/\/("() i

81— B ,
3 fX('O

where f, = 0.416 GeV and f, = 0.297 GeV are the
decay constants of ¢ and y.y, respectively. In addition,
Sy = 0.51 GeV can be approximately determined by the
QCD sum rule approach [27]. With the measured branch-
ing ratio of D*— Dm by CLEO-c [28] and f, =
132 MeV, one gets g = 0.59 [29].

8yDD

8h.D*D*

C. Decay Amplitudes

With these Lagrangians just listed above, we write out
the decay amplitude for the dipion transition between
1 (4040) and J/ i, i.e., there are three interaction vertexes
and three D) propagators, which are obtained by the
effective Lagrangian presented in Sec. IIb. Additionally,
we also introduce the monopole form factor F(g?) in
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decay amplitudes, which is taken as F(g?) =
(A? — m2)/(¢*> — m%). Here, my is the mass of the ex-
changed meson while the phenomenological parameter A
can be parameterized as A = mg + BAqcp With Agep =
220 MeV. Such monopole form factor is introduced to
describe the structure effects of the interaction vertices as
well as the off-shell effects of the exchanged charmed
mesons for DD — J/y7™, h, (1P)7r™ transitions in
#(4040) = J/ 77, h,(1P)7m" 7~ decays.

When only considering the intermediate D*D + H.c.
contributions to (4040) — J/ 7" 7, there are 12 dia-
grams just shown in Fig. 2. Among these diagrams, there
are only six independent diagrams if considering SU(2)
symmetry, i.e., Fig. 2 (i) can be transferred into Fig. 2
(i+6) (i=1---,6) by transformations D™+ = p*)0
and D®~ = D®0  Thus, the total decay amplitude
for (4040) — J/ & (ps)m* (p3)7 (ps) with the inter-
mediate D*(p,)D(p,) + D(p,;)D*(p,) contributions are
expressed as

M [(4040) — J/¢7T+ 7T—]D*D+H.c.

(i)
_2 Z My *D+H.c.’ (M

where we mark the four momenta of the corresponding
mesons. Factor 2 reflects SU(2) symmetry mentioned
above. The subscript D*D + H.c. denotes that (4040) —
J/ ¢yt occurs via the intermediate D*D + DD*. The
expressions of decay amplitudes Mg)D e (=1,2,3)
read as

. d*q . .
MEDI)D+Hc - (l)3j.w[gl//’D*Dﬂ'fiz][lgD*D*w(lPZ)]

X [—igs/pp D 6"[}/¢((_qu +ip2)8os

+ (iPsg + i%s)gue — (ip20ipPse)&ve)]

1 —gn+ pmpl ¢ /m.
P —mp p3 — mp
—gb +q,q9"/mj,
X P - P D j:'Z( 2) (2)

q mD*

X

d4
2 . q . .
ME))[HHC = (l)3jW[gz/f’D*Dﬂ'El:[;][lgD*Dﬁ(_lpf)]
X [ig//¢DD€;/¢(iP2V —iq,)]
_g,up + plp,plp/m%)* 1
pi—mp p3—mp

1 2( 42
X P, 3)

X
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©) (10) an (12)

FIG. 2 (color online). (Color online.) The hadron-level dia-
grams for i (4040) — J/ ¢t = decays with D*D + H.c as the
intermediate states.

d4
(3)
Mpip e = @i’ 2 )4 [g¢, 'D* Dfew]
X [=gpp»??°7(ig")(—ip?)]
X [=g1/0p 0" *P(ipsy)€r/y(—iqa)]

% _g,u,7'+p1,up17'/m12)* 1

pi— mp. p3 — mip
—8ps t 4pd4/mp
% .3(152 ,32¢ D 3:'2(612), 4)
q° — my,.

which correspond to the dipion transitions between
i/ (4040) and J/ ¢ with a initial single pion (77~) emission.

) )
My pie: Mppine

(1 (2
MD *D+H.c.’ MD*D+H.C

ing the replacement p; = py in Egs.

~can be obtained by

. Tespectively if mak-
(2)—(4). Here,
Mg) pine U =45, 0) are decay amplitudes of the dipion
transitions between 1/ (4040) and J/ with a initial single
pion (7") emission.

We also present the decay amplitude of i (4040)—
J/(ps)m™ (p3)m (ps) via the intermediate

D*(py)D*(pa).

FIG. 3 (color online).

(Color online.) The hadron-level dia-
grams for ¢(4040) — J/¢ ot~ decays with D*D* as the
intermediate states.
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M (4040) = J/pmt 7 Ipp =2 Z Mgi)D*' 5) (a=1,---,4)if making the transformations D = pt)o
a=1,4 and D™~ = D™ which results in factor 2 in Eq. (5)

We list all diagrams contributing to ¢(4040) — due to SU(2) symmetry.

J/¢yat 7~ in Fig. 3. Among these eight eight diagrams,
Fig. 2 (a) can be obtained by Fig. 2 (a+4) a8

The decay amplitudes Mgf . and M. @) 5+ are expressed

ME) _()3f(2 )4[ lg;l/DD* ghrae Bfl//,u(ll%a) lhz//DD* € WBGLW( ipoa)ligp pr(—ipap)]
. —gh + pipt/m. =gk pagpy/ml. 1 SN
X[=gs/uppEsves(ipd)ey, , (—ipf)] FHP, (6
J/YD* DESVOS\ P5)€ )/ 2 p% m%* p%—m%* qz—m%

. dq - . . . . o
ME)ZED* = (i) fw[—lg¢/D*D*78“paBE¢M(lP3a) — ihyppa€*Pe,, (—ipo) = 8p 0 n €% (—ip15)(iqe)]

X [—igj/wD*D*€7/¢((—iqu +ip2,))8wr T (iP5 T 1G,)802

—gm + PlpPlr/mzp* _g% + pzﬁpg’/m%) g¢> + qd,q)‘/mD* :]:'2( 2) (7
pi — mj, ps — mpy, q> — mj,

+ (—ipay — ips)&ue]
Thus, by Egs. (6) and (7), we can easily obtain decay amplitudes MS) .5 and Mgz 5+ corresponding to Fig. 3(c) and 3(d)
where the transformation p; = p, is performed.

In the following, we extend the same framework to study the dipion transition between ¢(4040) and h.(1P). By
replacing J/ with h.(1P) in Figs. 2(a), 2(c), 2(d), 2(f), 2(g), 2(i), 2(j), 2(1), and 3, we obtain all diagrams relevant
to (4040) — h.(1P)m" 7~ decay. The total decay amplitudes of (4040) — h.(1P)(ps)m* (p3)7m (ps) via
D*(p1)D(p,) + D(p)D*(p,) and D*(py)D*(p,) are

M[(4040) = h (1P) 7" 7" 1p pape = 2 Z A(DB)D+HC ®)
BT
M[p(4040) — h(1P)m* 7 Iy =2 3 AW, ©)
k=T, -4

respectively, where the concrete amplitude expressions are

4 J—
(1) [ 4 . o s 1 g,i-i-pzﬂpz/mD*
Appite = (i) f(27)4 [gl//'D*D*ﬂ'Elj/][lgD*Dw-( lP4)][lgh(.D*D*85V0¢(lP5)fhf]p% ) - m%)
—gb + q,9°/mp,
X 4 5 P D j:2( 2) (10)
q mD*
dq —gh + prapl/m? 1
A(Z) — 3 . € N _ ¢ o wP D*
D*D+H.c. = () 2 )4 [ng D7 ¢][ 8D*D* w89¢57(lq ) lpl)][gh D*DE€h, 1/] p% — m% p% — m%)
_gVT + q qT/m .
X —— D- FAq?), (1
q mD
and

dq —g" + pipt/m;

1 . . . . . .

A(D*)D* = (l)3 ]—4 [_lgd/’D*D*wsupaﬁGfZ(lpg - lpg)][lgD*Dﬂ-(_lp4)\)][gh(D*Deh[V] 7 l B D
(2m) pi — my,

_gﬂy+l’2p /mD* 1 20,2
p3 — m3. qg-—m

X (12)
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P . . . . . . . -
A(DBD’* = (1)3 [(2W)4[_lgl//’D*D*wS;Lpaﬂeg(lp? - lpg)][_gD*D*n'eﬁTﬂtﬁ(_lp(]s)(lqg)][lghl.D*D*SKVAa)(lps)GZ(_]

X 2

7 2
by — mps

2 _
Py — My

: : — (1)
After performing the transformation p3 = py, Apip 4. s

Ag*)[) tHC A(L;*)'D*’ and Agzb* can be transferred into
A(3) A(4) A(3) dA(4) tivel
D*D+H.c.’ D pH.c Aprpo ADE Ap: e, TESPECUVELY.

The differential decay width for (4040) — J/ 7t a7~
reads as

I 1 1

dl' = = | M2 | dm?> 7T+dme+77, (14)
3 2m)3 32m?p(4040) I
with miww+ = (ps+ps)* and m2. = (ps+ ps)

where the overline indicates the average over the polar-
izations of the 1(4040) in the initial state and the sum over
the polarization of J/(4040) in the final state. Replacing
My g+ With my g+ or my, (p),+, we obtain the differ-
ential decay width for (4040) — ¢ (2S)7m 7 or
¥ (4040) — h (1P)mrt .

—g?" + plpi/m}. —gP? + pEpy/md. —g + qPq* /m},. F2q?)
! .

; (13)
q° — my,.

f

When studying the hidden-charm dipion decay of other
higher charmonia /(4160), #(4415) and charmoniumlike
state Y(4260), we only need to replace the relevant cou-

pling constants and the masses in the formulism of the
i/ (4040) decays.

III. NUMERICAL RESULT

In this work, we are mainly concerned with the line
shapes of the differential decay widths of (4040),
¥ (4160), (4415), and charmoniumlike state Y(4260)
decays into J/ymtm, yQS)7m 7w~ and h.(1P)7" 7™,
which are dependent on the invariant mass spectra of
J/yat, y2S)w", and h,(1P)7". Thus, we set the cou-
pling constants of D™Dz as 1 in our calculation.
Besides these coupling constants listed in Sec. IIb, other
input parameters are the masses involved in our calcula-
tion, which are taken from Particle Data Book [18].
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FIG. 4 (color online).

my/y.+ (GeV) myss)-+ (GeV) my, 1p)-+ (GeV)

0l0or online. € 1nvariant mass spectra [0) T, T, an ¢ o or the . .
(Color online.) The invari £J/pat, y(2S)mt, and h(1P)7* for the ¢ (4040), ¢(4160)

#(4415), and Y(4260) decays into J/ ¢t 7™, ¢(2S)m* 7, and h (1P)7m" 7~ . Here, the solid, dashed correspond to the results
considering intermediate QD* + H.c. and D*D*, respectively, in Fig. 1. The vertical dashed lines and the dotted lines denote the
threshold of D*D and D*D", respectively. Here, the maximum of the line shape is normalized to 1.
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In Fig. 4, we present the results of dI'/dm;; .+,
dlU/dm ys5),+, and dU'/dmy, 1 p)+ of §(4040), ¢(4160),
r(4415), Y(4260) decays into J/ w7, yQS)m 7™,
h(1P)mr* ™.

(1) There exit sharp peak structures close to the

D*D threshold and the corresponding reflections in
the distributions of dI'/dm;; .+, dU/dm ;g
and dl'/dmy, p),~ of ¢(4040)— J/pm*a,
¥ (4040)— ¢y 2S)7m 7, and ¥ (4040) —
h.(1P)7r* 7~ decays. We notice that this structure
appearing in dI'((4040) — J /™ a™)/dmy -+
is not obvious when compared to the
structure in dT'((4040)— y 2S)7m 7))/
dmyog+  or  dl(¢(4040)—h (1P)m*m™)/
dmy, (1p),+ distribution.

(2) Two sharp peaks appear in the dI'(y¥(4160) —

J/pataT)/dmyy and dU' (¢ (4160) —
h (1P)m*mw™)/dmy, (1p),+ distributions, which are
close to the D*D threshold. The structure in the
J/@ 7" invariant mass spectrum is more narrow
than that in the 4,(1P)7" invariant mass spectrum.

(3) In the hidden-charm dipion decays of i/(4415), we

find two sharp peak structures around the D*D and
D*D* thresholds appearing in the J/¢ 7" invariant
mass spectra. In addition, a sharp peak close
the D*D* threshold is observed in the h (1P)z*
invariant mass spectrum distribution. In the
dU((4415) — ¢ (2S)m* m7) /dm ().~ distribu-
tion, a peak near D*D* with its reflection form a
broad structure. Under the ISPE mechanism, the
intermediate D*D can result in a very broad struc-
ture in the h.(1P)7rt invariant mass spectrum
distribution.

(4) There exist the sharp peaks close to the D*D thresh-

old in the dI'((4260) — J/ Yo" 7™)/dm;; .+
and dU'((4260) — h (1P)m* ™) /dmy, (1 p)r+

1.0 -

0.5

0.0 1 . 1 . 1 . 1 . 1 . 1 .
3.7 3.8 3.9 4.0 4.1 4.2 4.3

Mpy r+ (GGV)

FIG. 5 (color online). (Color online.) The dependence of
dU'((4415) — h (1P)7r* ™) /dmy, (1p),+ distribution on B.
Here, (4415) — h.(1P)m" 7~ occurs via the intermediate
D*D + H.c.
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distributions, the structures around D*D* threshold
in the dI'(¢(4260) — yQ2S)m" 7~)/dm o5+,
and dI'(4(4260) — h (1P)ar" 7~ )/dm, (1p),+ dis-
tributions. The peak closes the D*D threshold and
its reflection overlap with each to form a broad
structure in the 7" invariant mass spectrum.

We need to specify that the result presented in Fig. 4 is
obtained by taking 8 = 1. Our study shows that the line
shapes in Fig. 4 are weakly dependent on the values of 3.
With (4415) — h.m* 7~ as an example, in Fig. 5
we illustrate the B dependence of dI'(i(4415)—
h.(1P)m " 7w~)/dm, (p),+ distribution, where the line
shapes corresponding to S =1, 2, 3 remain almost
unchanged.

IV. DISCUSSION AND CONCLUSION

In this work, we study the line shapes of the differential
decay widths of (4040), /(4160), y(4415) and charmo-
niumlike state  Y(4260) decays into J/¢m @,
Y2S)mt 7w~ and h,(1P)mw" 7~, where the ISPE mecha-
nism is introduced. Furthermore, we predict the sharp peak
structures close to D*D and D* D* thresholds appearing the
corresponding J/ 7", (2S)7m" and h.(1P)7" invariant
mass spectra.

The ISPE mechanism plays a crucial role to form these
novel charged charmoniumlike structures in the hidden-
charm dipion decays of higher charmonia. To some extent,
these predicted structures are the charmonium analogue of
two newly observed Z, structures in the hidden-bottom
dipion decays of Y(5S) [6].

We suggest further experimental search for these
predicted charmoniumlike structures close to the D*D
and D*D* thresholds. Recently, BESIII has stated

Events/50 MeV

3.7 . 318 . 3:9 . 4.0
mpy n+ (GGV)

FIG. 6 (color online). (Color online.) A comparison of the
h.m~ mass distribution of (4160) — h.(1P)7* 7~ (red solid
line) predicted in this work and measurement by CLEO-c
(blue points with errors) [31]. Here, CLEO-c measured the
h.(1P)m* mass distribution from e*e” — h (1P)m 7~ at
Ecy = 4170 MeV [31]. We normalize our numbers for a real
comparison with the available CLEO-c data.
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accumulating (4040) data with an aim to search for
higher charmonia and the charmoniumlike states [30].
Our result shows the charged structures around the D*D
threshold in the J/rart, (2S)7 ™", and h,(1P)7* invari-
ant mass spectra of (4040) decays into J/¢ym 7,
W (2S)mt 7w, and h,(1P)r* 7, which are accessible at
BESIII and could be considered in future studies.

Since these charged charmoniumlike structures also
exist in the J/ 7™, ¢(2S)7w", and h,(1P)7" invariant
mass spectra of (4260) hidden-charm dipion decays,
carrying out the search for them will be an important
and intriguing research topic, especially at Belle and
BABAR.

If these predicted enhancement structures can be found
in the higher charmonium and Y (4260) hidden-charm de-
cays, it will provide a direct test to the ISPE mechanism
existing in the higher charmonium or Y(4260) hidden-
charm dipion decays.
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Note added.—: after completion of this work, we noticed
a measurement reported by CLEO-c [31]. Recently, the
CLEO-c Collaboration announced the measurement of the
h.(1P)7r* mass distribution from e*e™ — h . (1P)7* 7~
at Eqy = 4170 MeV (points with errors in Fig. 4 (b) of
Ref. [31]). Thus, we compare the predicted h.7~ mass
distribution of (4160) — h.(1P)m" 7~ (see Fig. 4)
with the CLEO-c result. We notice that the predicted
theoretical line shape of the h.(1P)7r* mass distribution
of /(4160) — h.(1P)7* 7~ in this work is consistent with
the one measured by CLEO-c, which is listed in Fig. 6,
where there indeed exists a broad structure around DD*
threshold and its reflection. To some extent, this fact pro-
vides a direct test to our prediction presented here.
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