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Y(4260)

s =
Mass: 4251 = 9 MeV  [PDG
Width: 120 £ 12 MeV  |[PDG
BaBar observed Y(4260) by an initial-state-
radiation process in 2005.
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Y(4260) Invariant mass plot
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Y(4260) Cross section
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Y(4260).,..
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Y(4260): exotic meson?

Decay modes

Decay width of Y(4260) — JA) 1t

IS one-order larger than the ordinary cc
mesons.

Decay to DD, D®D, D®OD® is not observed
though Y(4260) is well above the DD
threshold (3740MeV).

Radiative decay to X(3872).



Y(4260): exotic meson?

Mass spectra

Quark potential model gives no cC state in
this mass range.

JA(3097) 13S;
P (3686) 23S
Y (3770) 13D
P (4040)  33S;
Y (4160) 23D+
Y (4415) 43S




Theoretical approaches

Review: "An overview of XYZ new particles,’
Xiang Liu, Chin.Sci.Bull. 59 (2014)
3815-3830

arXiv:1312.7408 hep-ph]



Theoretical approaches

cCc state with screened potential.

Charmonium hybrid (ccg)

Diguark-antidiguark [cs][cs]

Hadronic molecule D1D + DoD®.

Non-resonant explanation: interference.
QOur approach

meson quark hybrid: D1D + - + ggcc

long range short range



Y(4260): our approach

Assumptions

Y(4260) is a superposition of two-meson
states. (Not that we exclude the possibility
of the cc components. Just we have not
include them yet.)

The internal guark degrees of freedom

appear at the short distance of the two-
meson states.

There, the Hamiltonian is 2 (K@; +V()))



Y(4260): our approach

Assumptions (cont d)
The interaction between the two mesons

comes only from the two-body interaction
between (anti)guarks.

The interaction between quarks is
proportional to A. A, which consists of the
central, spin-spin, spin-orbit, and the tensor

terms.
The Interaction between quarks gives the

meson mass difference.




Single mesons (gg,cq,cc)

The state i1s a quark-antiguark state
color singlet, appropriate flavor-spin symmetry
orbital wave function is a single gaussian with

a size parameter of xo/#¥mgq, x0~0.6 fm!/2
p and A modes are included

Matrix elements of Hamiltonian is
2
(H) = mg + {

-~
2012
+ A Acsso -0+ cspsSLS + carsALS + erT)

(= mo)

mo and ¢ s are flavor- and (0s/0p)-dependent,
fixed by the single meson masses.



Single mesons (gqg,cqg,cc)

© size of terms in MeV (gQg)

7123.865| 58.785 |1226.93| 18.98 | 45.98 . 40.99




Single mesons (gqg,cqg,cc)

© size of terms in MeV (cc)

S060.59  261835:13525:52( =002 34,96 . 0

2963.6
20%6- 916
BB o8
3414.75
3510.66
255620




Single mesons (gqg,cqg,cc)

© size of terms in MeV (cq)

1973.88| 35.29 |2430.82| 2.25 | 36.41 | -1.46 | 14.44

D1 and D1’ are

1868.02 assumed to be
2009.17 pure c(j=1/2) +
2302.57 a(j=1/2 or 3/2)
DADT states — one
24929 6 constraint for
cSLS, cALS and
28637 i

T : Belle BaBar neutral average



Two-meson states

All the JFP¢ = 1~ two-meson states with
relative S-wave: 14 states below

e ggcc ccaq cqqc

0 | 1I nhcl hlnc §D1, ED’l

| End wxeo | JoJb | D*Dy

NN ... | f.Jw DD, D'D;

BN )2 | foJR | D*D

relative P-wave: 6 states, which are not
iIncluded right now.



Wave function

The internal quark degrees of freedom
appear at the Os-configuration of two-
meson state =(0s)20p configuration of the 4
quark states.

OEDILICIRERON

1

Y = Plaa(*Po)ce(®S1); (0s)

Yoy (1) = Pl0] g, 1 (r)



Wave function

The internal quark degrees of freedom
appear at the Os-configuration of two-
meson state =(0s)20p configuration of the 4
quark states.

r) = ZCZ( %@ 4 ¢§m> (1) )

1

OS 18, 237 < il
WM™y =0 if i #£
<¢§Q)W§-Q)> # 0 in general



Hamiltonian

Hamiltonian for two-meson systems.
The interaction between the two mesons
comes only from the two-body interaction
between (anti)guarks.
H = K™
i \os>(<(os)20p\H<Q> = F| (0s)20p) — (0s| K™ — E\os>) (0s]
separable gaussian potential

(H) :qu+<§?>

+ Z A (CSSO'O' + csr,.gsSLS + carsALS + CTT)



Hamiltonian

Potential becomes nonzero only between (cc)
(qg) and (cq)(qc) states.

(because all the quarks are different from
each other, no anti-symmetrization is

necessary).
nhch'" 7chj7h177(:7°" 7f]J/¢7ED7 7E*D2

0 *
K 0




Hamiltonian

Potential becomes nonzero only between (cc)
(qg) and (cq)(qc) states.

(because all the quarks are different from
each other, no anti-symmetrization is

necessary).
nhch'” 7WXCj7h17707°" 7f]<]/¢7ED7 7D D2




rearrangement factor (flavor spin orbital),
should be multiplied by 1/3 (color factor).

MM’ hane  fodb Hrdfp fodfb | mha  wXeo WXl  WXe2 |7
threshold 4154 4087 4379 4373 | 4073 4198 4294 4339
Doy |oss| VE -vE VE o | vE B o - /m
DDy,)s (4289 B 0 /B -] B [ [ [
[D*Do);  |4327| — /B MR (JE o |- /Er B2 _ JEC
D*Dy]- |4436| —/fg —/B 0 0 | V& ViE V& -
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D*Da)y  |4473| /% 0 (e VB |\ [Sm o /% _ Y




Results (complex scaling)

z, y plot
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Results (complex scaling)

z, y plot
Im E_, Re E (MeV)
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Results (complex scaling)

z, y plot
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Results (complex scaling)

z, y plot
- Re E (MeV).
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Results (a bound state)

© 10-channel calculation (DD1 and above).

© All the S-wave two-meson states whose
thresholds are above 4290 MeV.

© — bound state of 4289 MeV (2 MeV below
the DD1 threshold)




Results (a bound state)

© Main components are DD1 and w Xc1:




Decay modes?
Decay to Zc(3900) &t can be derived from

D1 — D*xt decay in Y(4260).
DD1 in Y(4260) — DD*nt — Zc(3900) it

Radiative decay to X(3872) can be derived
from the D1 — D* y decay (if it exists) in
Y(4260).

DD1 in Y(4260) — DD*y — X(3872)y



Decay modes?
“No decay to DOD®” may be derived
because main components are DDy, which

are orthogonal to DD,
-+ Model with relative P-wave two-meson

states should be performed.

To discuss quantitatively a large decay width
to the final f0(980)J/4 , we need a more
realistic Y(4260), deeply bound and large
width.



Summary and outlook

We discuss Y(4260) by a simple hadron-quark
hybrid model.
There Is a resonance with a mass of 4290 MeV
and a width of 4 MeV, 1 MeV below the DD:1
threshold.
To have a resonance just from the short range
iInteraction is a surprise!
This can be a "seed” of the observed Y(4260).
< obs: M = 42519 MeV, [ =120x£12 MeV
P-wave two-meson states, cc components, meson-
exchange effects, meson width, should be included.



Exotic hadrons...
X(3872) type: [[PIEP 2013 1093001 2014 (23001
cC In the two-hadron continuum. ‘:*neutral

Pc pentaquark type: [PLB764(2017)254]
color-octet configuration gives an

attraction between hadrons. --- BB or BM
Y(4260) type: [current work]

many gqgcc states coherently make a bound

state ‘-* negative C-parity? charged?
Kinematic feature may make peaks?



Thank youl!



Back up
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dd meson masses

180 = m0g,) — 3¢55(04)

381 =m0y + 1¢SS(0s)

1pl = m0p) — 3¢SS(op)

3p0 = mOgp) + 1eSSop) — 2¢SLS — 4cT

3pl =m0y + 1SS0y — 1eSLS + 2T

3p2 = m0p) + 1¢SSop) + 1eSLS — 2/5¢T

pll =m0, — 1/3¢SS(op) — 2/3¢SLS — 4/3cALS + 4/3cT
p31 =m0, — 5/3¢SS(op) — 1/3¢SLS + 4/3cALS + 2/3cT

U Dyy & Dy 2 it T2L X120k, 4¢SS — ¢SLS + cALS +2¢T =0 2% & L=,



Xo IS Tix to be 0.6 fm'’? because

When we minimize the energy by a single
gauss wave function *-- PLB764(2017)254.

Table 4: The size parameter b;; (fm) and the parameter zg (fm!/?)
obtained by minimizing the central part of the Hamiltonian, H., for
each of the systems.

system g buuw  buye Dee
uud 0.60 0.68

uuc 0.62 0.71 0.54

uce 0.65 0.7 0.31

uc 0.56 0.49
cC 0.61 0.29




