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Novel charmonium-like structuresin the J/¥¢ and J/yw invariant mass spectra
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Stimulated by the new evidence %{4274) observed in thd/y¢ invariant mass spectrum, we first propose
the charmonium-like stat¥(4274) as the S-wavBsDg(2317)+ h.c. molecular state witld® = 0-, which is
supported well by dynamics study of the system composedeopsieudoscalar and scalar charmed mesons.
The S-waveDD(2400)+ h.c. molecular charmonium appears as the molecular partn¥(4#74), which is
in accord with the enhancement structure appearing at ARiGthe J/yw invariant mass spectrum frol
decays. Our study shows that the enhancement structigeshe newly observed(4274) and the previously
announcedy'(4140) Y(3930) in thed/y¢ and J/yw invariant mass spectra, can be understood well under the
uniform framework of the molecular charmonium, which cartdsted by future experiments.

PACS numbers: 14.40.Rt, 14.40.Lb, 12.39.Pn

Very recently the CDF Collaboratiohl[1] studied thgy¢ 1
invariant mass spectrum in tle— J/y¢K channel based on — IS
the sample opp collision data with an integrated luminosity | o

of 6 fb1. Besides confirming the previol§4140) state![2],
CDF also reported the observation of an explicit enhancémen
structure with 3lo- significance in thel/y¢ invariant mass
spectrum, which is of masl = 42744*%%(stat) MeV and
width T = 32.3"21%(stat) MeV [1]. We will refer to this new
structure by the namé(4274) in this letter.

The appearance 8f(4274) in thel/y¢ invariant mass spec-
trum not only makes the charmonium-like family abundant,
but also raises our interest in exploring the origin of erdean
ment structures in thd/y¢ invariant mass spectrum and re-
vealing the relation betweex(4274) andy(4140), which will ]
be helpful to improve our knowledge of the underlying prop- m(ptp KTK™) —m(utp~) GeV/c?
erties of charmonium-like state.
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FIG. 1: (Color online.) The massftitrenceAM = m(u*u K*K™) —
m(u*u™) distribution (histogram) for events in thH& mass window
at [1]. BesidesY(4140), one explicit enhancement appears around

; . : D 4274 MeV. Here, the purple dashed line is the background from
interest among theorists, especially when associatingtfit w the three-body phase space. The blue solid line is the fitiiag

Y,(393O) reported by the Belle _Collaboratidﬂ [3] and CON- gt with resonance parametersY#140) andY(4270) resonances
firmed by the BaBar CO”?.bOI'atIOEl [4]. Bot¥i(4140) and in Ref. ﬂ] _The vertical red dashed lines denote the thrielsho
Y(3930) were observed in the mass spectrumJpf + of DiD:, DsD(2317), DsD/, (2460), DiD(2317), DD (2536),

The previous observation &f(4140) has stimulated gre

light vector meson in B meson decay DsD«(2573),D;D, (2460) andD;Dy; (2536).
Bo K4+ J/y¢ = Y(4140)
- ETA . — — . .
JYyw = Y(3930) Thus,c and ¢ captureq andq respectively to form a pair of

) . charmed mesons. By this mechanism, a pair of the charm-
Generally in the weak decays & meson, thece pair cre-  girange mesons with the low momentum easily interact with
ation mainly results from the color-octet mechanism. Ferth  o5ch other and even form the molecular charmonium. Ad-
more, a color-octeqq pair is easily popped out by a gluon. gitionally, Y(4140) andy(3930) are close to the thresholds of

DiD; andD*D* respectively, and satisfy an almost exact mass

relation
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My(930) ~ My — M,,. The peculiarity of8 — K(cc) and the wheref, = 132 MeV andgy = m,/f, = 5.8. gy, h, g,

similarity betweerl(4140) andy(3930) provoke an uniform g are the parameters in th@ective Lagrangian, which de-

molecular charmonium picture to reveal the underlyingsstru  scribe the interaction of the heavy flavor mesons with tHet lig

ture of Y(4140) andv(3930) [5/6]. ApplyingD;D; andD*D* mesons|[21]q;, is taken asnp,, — Mp, andmp, — mp for Y

molecular structures to explai(4140) andY(3930) respec- 5, qyui/dd respectively. And th¥ function is

tively not only solves a long-standing puzzle of the struetu '

of Y(3930), but also opens a window to investigate the hadron  y(A x m,r)

dynamics of exotic state beyond the conventiaphndqggq 22
~ { if f<m -k (edr—ear)+ Llbear

states. A series of research work related witd140) were T

carried out later [5=19].
In Fig. mﬂwe present the comparison between the experi-
mental data [1] and the thresholds of the charmed-strange me . _ —5 . _ 2 RT3 A
son pairsY(4274) is just below the threshold BiD«(2317) tﬁrllléhciltgf tz)/r::irelih’e%i;gjll;ritync‘; ?r? gf’gcgive/;oterﬁtila? 1S
similar to the situation o¥(4140), which stimulates us to de- In Fig.[2, one presents the line shapes of the potenti;aésllist
duce naturally tha¥(4274) enhancement [esylts from an S'in Eqs B)’ andL(5). FoY*S, the exchange potential of tife
WaveDSDSQ(2317)+ h.c. molecular systenyss with the flavor meson' can be igno;ed con,wpared with that ofifineeson. The
wave function total effective potential ofrsS is dominated by thg exchange
1 . potential. Fory'"/dd, ther meson plays an important role es-
7§[|Ds Dy) +IDsD)|- ) pecially in the range af > 5 GeV-* since the exchange poten-
tials ofp, w, o andn decay exponentially with. The behavior
The C parity of the isoscalal¥(4274) is positive due to the ©f the potential depicted in Figl 2 indicates that we onlychee
Y(4274) — J/y¢ decay mode observed by CDF. As the to consider they meson gxcharlgqpotentlgl fMFS and ther
cousin ofYSS, YUW/dd is of the flavor wave function meson exc_:hange pot_entlal ﬂiﬂj‘f‘“‘_d when f|nd_|ng the bound
state solution by solving Schrodinger equation. Furtteam
whether there exist bound state solutions Y&t and Yuw/dd
systems is closely related to the corresponding strendths o

the Dg(2317)Dg andDo(2400D7 couplings.
For such S-wave pseudoscalar-scalar systems, their qnantu

number must be® = 0~. Performing dynamical investiga-

. : 2, 712
otherwise -1 (cos@ir) - e*@) + é%eﬁfﬂ

[YSS) =

R S
|Yuu/dd> _ §[|D8D0> + |D8D0> + |D6D+> + |D8D_>]- 3)

tions of YS* andY'"/9d can answer whether there exi§f and 190 s

Yuw/dd molecular systems, which is one of the main tasks of 00 | , Yyuudd | ofeesecceccscocenspnng

this letter. What is more important is that understandirgg th C 2L _,-"/"'

underlying structure o¥(4274) will be helpful for revealing - ol S5

the properties o¥(4140) [5, 6] taking into account the simi- “r ¥ Y

larities betweerY(4274) andY(4140). s /'

Using the &ective Lagrangian in the heavy meson chiral 8| /'

perturbation theory (HWPT) [gZd),] and the method devel- 4 ol #

oped in literature [23], we obtain th&ective potentials 0Y>* —m—q —e—1 - / —m—q

and Y/ states|[24] R S V) ) IV A

B U —m— B

%Z?f(r) = Vd?lr&t(r) + gv'(izmss(r)’ (4) ° ° r (G(R/ M * ’ ’ :(Ge\71) P

%gg/fda(r) _ ngDireCt(r) + %VBireCt(r) +V(I3irect(r)

.3
2

FIG. 2. (Color online.) The potentials of* (right-side diagram)
1 and YW (left-side diagram) with typical valuA = 1 GeV. Here,
VETOSS(r) 4+ BV’(':rOSS(r)' (5) wetakeg = 09,8 = 1,9, = ¢, = -076,h = —0.56 + 0.28
following Refs. [21[20].
Here, the subscript of the sub-potential denotes the exggthn

light meson. The general expressions of the sub-potentials
corresponding to the pseudoscalar, sigma and vector meson

exchanges are In Fig. [3, we show the variation of the numerical result of
the bound state solutions f&f with the values oh andA,
Direct B8 which indicates that there indeed exist® g(2317D + h.c.
W) = =Gy Y(A.Go = 0.my. 1), (6)  molecular charmonium corresponding to newly observed en-
Direct(py _ ’ _ hancemenl(4274). Our numerical results overlap with the
Ve ) = —gg,g;Y(A, Go = 0, M), (7) mass diference £ -11 MeV) betweenY(4274) and the
VEross(r) = h*q; Y(A. ¢, Mo, 1) (8) threshold 0D (2317)Ds. The corresponding cutioA lies in
P f2 »Ho TR T a reasonable range which is expected to be around 1-3 GeV.
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We also find that the largéi| values make the corresponding
A become smallei,e, A tends to be around 1 GeV, which is
fully consistent with the expected behavior of the potditia
the S-waveD(2317)D¢ + h.c. system.

Besides supporting the assignment¥{#274) as the S-
waveDg(2317Ds + h.c. molecular state, our dynamical cal-
culation also provides a novel approach to extracttthpa-

rameter, which encodes the important information of the

Dg(2317Dg; interaction and the underlying properties of

D«(2317) [25]. This coupling can not be extracted experi- 50 "’4}

mentally since th®«(2317)— Dgy decay is forbidden kine-
matically. Our result indicates that the value corresponding
to the binding energy of the S-waily(2317)Ds+h.c. system
consistent with mass fierence £ —11 MeV) is in the range
1.2 ~ 1.5 associated with reasonablevalue, which can be
confirmed by further theoretical study.
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FIG. 3: (Color online.) The obtained bound state solutiohy®
system dependent dmvalues andA. Here, we also compare our
result with the mass ference (red dashed line) betwe¥274)
and the threshold dD«(2317Ds.

We extend the same formalism to tié/d9d system, where
input parameterh for the Do(2400Dn coupling is con-
strained by the decay width of thBy(2400) — Dr to
beh = -056+ 0.2 [21]. The binding energy of the
yuwdd system is-9.85, —10.11, —10.23, —-10.30, —-10.34,
—10.38, —10.42 MeV corresponding to the typical value of

= 09,10, 11,12, 13 1.4, 1.5 GeV, where the bound
state solution of th&'"/dd system is insensitive t&, which
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FIG. 4: Thel/yw invariant mass spectrum in tie— J/ywK decay
announced by the Belle Collaboratidn [3] and the Babar ®olia-
tion [4]. Here, the vertical blue dashed line denotes thestold of
Do(2400D. The red dotted line is the fitting result.

consistent with our prediction of the S-walg(2400D + h.c.
molecular charmonium. We expect further high-statistics
measurement from future experiments to test our prediction
of the S-waveDo(2400D + h.c. molecular charmonium.

As an S-waveD«(2317Ds + h.c. molecular charmonium
with JP = 07, the decay modes &f(4274) include the hidden-
charm decay modé/y¢ observed by CDF[[l]_the two-body
P-wave open-charm decalpgDy + h.c. andDgDg, the radia-
tive decayD;Dsy + h.c., and the i |so spin V|oIat|ng three-body
strong decayDsDs° via they — 2% mixing mechanism {2, 3].
Similarly Y4/ can decay intd/yw, DD*+h.c., D*D*, DD,
D*Dy + h.c. etc.

After figuring out the underlying structure 6f4274) and
predicting its molecular cousin, we notice that there exist
two event clusters around the rangesAdfl ~ 1.27 GeV
and 14 < AM < 1.5 GeV marked by yellow and pink in
Fig. [, if we focus on the remaining CDF’s data correspond-
ing to AM > 1.24 GeV. If these two event clusters are con-
firmed by future experiments, we might also try to understand
them under the same framework of the molecular charmo-
nium. Basing on the present low-statistic dafa [1], we spec-
ulate that the structure appearing/dtl ~ 1.27 is related to

indicates the existence of the molecular cousin of the StheDs D’,(2460) orD;D(2317) system. The other one in the

wave Dso(_2317)35 + h.c. molecular statej.e.,, an S-wave
Do(2400D + h.c. molecular charmonium. Thus, finding the
evidence of S-wav®,(2400D + h.c. molecular charmonium
can provide important support to the assignmenf(@274) as
an S-waveD(2317)Ds+ h.c. molecular state. The important
hidden-charm decay mode of the S-wadvg(2400D + h.c.
molecular charmonium id/yw, which is the same as in the
case ofY(3930) [3/4].

From the published experimental data of thew invari-

range 14 <AM < 1 5 GeV may result from th® sD«1(2536),
DsD«(2573), D¢D,(2460) andD*D51(2536) systems since
the event cluster |n the rangetl< AM < 1.5 GeV just over-
laps with the corresponding thresholds (see FEig. 1 for more
details). One may recall the similar situation before figdin
the evidence of/(4274) by CDF[[1]. The CDF’s data with
an integrated luminosity of 2.7 fb reported in Ref.[[2] only
displayed the event cluster at 4.27 GeV besides the evidence
of Y(4140). Confirming the above speculation by further ex-
perimental study o8/y¢ invariant mass spectrum froBide-

cay will not only test the molecular charmonium assignments
of Y(4140) andY(4274), but also improve our understanding

ant mass spectrurhl [3, 4], we indeed notice an enhancemeet the line shapes appearing at hidden-charm invariant mass
structure around 4.2 GeV just below the threshold of thespectra.

Do(2400)D pair as illustrated in Fig[d4, which is amazingly

In summary, the newly observed structf@?274) in the



J/¥¢ invariant mass spectrumiis first interpreted as the S-wave Acknowledgment
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