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X(4260) I°(J)=?(1")

 In 2005, BABAR, the process ete” - ] /'Y cross

section

(B. Aubert et al. [BaBar Collaboration], Phys Rew. Lett. 95,142001, 2005)
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« Again, BABAR Collaboration studied ete™ — ] /'Y

in the c.m. Energy range 3.74-5.50 GeV using ISR events
(). P. Lesset al. [BaBar Collaboration], Phys Rev. D 86, 051102, 2012)
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* The Cleo Collaboration searched for the new

resonances X(4260)
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(Q. He et al. [CLEO Collaboration], Phys Rev. D 74, 091104, 2006)
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X(4360) I°(J™)=?"(1")

* |n 2007, BABAR observed a structure

(B. Aubert et al. [BaBar Collaboration], Phys Rev. Lett. 98,212001, 2007)

m~ 4324.0 + 24 MeV/c?
I'~172+ 33 MeV

* Belle, measured ete™ — mm'¥(2S) cross section between treshold and 5.5 GeV. This

state is a good agreement with structure observed by BABAR in mass but with a much
narrower width

(X. L. Wang et al. [Belle Collaboration], Phys. Rev. Lett., 99, 142002,2007)
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X(4260) and X(4360) = Molecular State??
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p DD Three Body System

Fixed Center Approximation (FCA) to the Faddeev equations is an
effective tool to deal with the three-body hadronic interactions.

This method is technically simple and accurate when dealing with bound
states.

(M.Bayar, J. Yamagata, L. Roca, C.W.Xiao, J.J.Xie, A. Martines Torres,

KNK, KNN, DNN, multi- p, --+ WH. Liang, E. Oset: PRC84(2011)015209, PRD84(2011)0340037,
NPA833(2012)57, PRD82(2010)054013, PRD82(2010094017.)

j'[(Ap) = solved the ﬂ\y (2000) puzzle (J.J. Xie, A. Martines Torres, E. Oset,
PRC83(2011)055204) ’

Limits to the FCA to the Faddeev equations (A. Martines Torres, E.J. Garzon, E. Oset
PRD83(2011)116002; M.Bayar, J. Yamagata, E. Oset PRC84(2012)015209.)
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THREE BODY INTERACTION

the pDD system I

#* A cluster of two bound particles Dl_), (I=0), X(3700) and pD, (I=1/2), D (2420)

* Third particle interacts with the cluster
the p — X(3700)

A A

p(q)

the D — D,(2420)

D(p) PP D(p1)
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pD (vector - pseudoscalars mesons) two body scattering :

Channel content in each sector for the pseudoscalar vector
meson interaction D. Gamermann and E. Oset Eur. Phys. J. A 33, 119-131

(2007)
Charm || Strangemess | I%(J"°) | Channels TABLE 1. The C' coefficients in Eq. (2) for the I = 3/2 case.
! ! (1) nD;, Dp Channels aD* Dp
KD', DK’ D ] ]
) | DK, KD',qD Dy | 1
0o o [° 14

.'rD‘. Dp, K D, D.K | pD, (I= 1/2), D (2420)
nD*, Dw, n.D", DJjv 1
0(1F)
0 1 1) tK*, Kp, qK*, Kw
Dp:. DD+, KJjd, 5K
0 17(177) :%[KK‘ +ec), mw, np T = — {i + ‘[,’é’) -lyv—e €’

%[DD‘ +ec), np, ndf
(17 | 7p, R (KE* -ce), —f].,.-,'ZfJD' -c.c)

0 (17 %,[Ii‘h" +ec), %[DD +ec) %[ED; -c.c.)

s

07(177) TP, T, %_FIZDD‘ - L), W = +
nd 1, %E[D,, D; +ec), %l:ﬁ K" —cc) ndf
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pD (vector - pseudoscalars mesons) two body scattering :
The potentials, projected over s-wave:

| /1 -
ij(s) = 5/ cz’({.*f).s'H)ij(.S'. t(s,cos0),u(s,cosd))
-1

The loop function:

. , / dqg 1 1
G =1 ~ 4 7 3 . 3 3 :
J (2r)*q~ —my +ie(P—q) — M + ie
1 ms M7 —mr+s M7+

— 0o
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L (Log s —M: +mi+2py/s Lo s+ M7 —m7+2p\/s
\/I —s + M7 —m7 +2p\/s T —s—M? +m; +2p\/s

The Unitarized T-matrix for DD
D. Gamermann, E. Oset, D. Strottman and M. J. Vicente Vacas, Phys. Rev. D 76, 074016 (2007)

DD, KK, 7, . nen. DDy, inthe I = 0| DD, KK n7, 70, nor, in the I = 1 casd]

Bethe-Salpeter equation for DD T=(1-vae v
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FIXED-CENTER FORMALISM FOR THE THREE BODY SYSTEM
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FIG. Diagrammatic representation of the fixed-center approximation to Faddeev equations

* T1: all diagrams beginning with interaction in 1 meson.

* T2: all diagrams beginning with interaction in 2 meson.
Tl = 'rl | fl{}{]Tg.
T, = t, + 1,Go T F=T1,+1,
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For the normalization
The S-matrix for the single scattering:

A1) o . ' '
'SI = —11 ﬁ(zn)dbq(k.% + kc]s - k.’i o jl‘4:]!:)

1 1 1 1
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S-matrix for the double scattering:
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For the normalization

The S-matrix for the single scattering:

1 I
S{llj = —It, ﬁ(zn)454(k3 + kgs — kf‘i _ kf:lsj

I I I I
X ’
V205 /20 20, /20,

S-matrix for the double scattering:

!
S = —i(22)" 558" (ks + kas = k5 = k)

I I I I I I
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The function G is the meson exchange
propagator
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The Function GO

G | / dq F.(q) I
— s (¢ = :
0 2mys ) (2x)? 1514 ¢°? — q*> —m3 +ic

The Form factor: I

I 1 I I
F.lg) =— d>p — — — —
cts(4) C ,/|;;._Fg}‘|timfm ! 2w,(p) 2w, (p) mys — @ (p) — @y p)

1 1 1
X = = = = = = = —
20(p—q)) \20,(p —q) ) mys—@(p—q) —w,(p —q)

1 I I 2
C= / 4’ p - _ _ _
J P <k 201(p) 2w2(p) meis — w1 (p) — w2(p)

M. Bayar-HADRON2017



The arguments of the three body amplitude T(s) and two body
amplitudes tj(sj)

% s = the total invariant mass of the three body system
L the invariant masses of the two body systems

= the binding energy among the
three particles, proportionally to

their masses: the total energy of the two body system: I

NG 1My Mg

(myg + my) (my + my)

s10) = (p3 + P12))°

g 7
' 5 = My g = -
s 11 11 - Vs (2)Mls 2
E, = Vs 2 cls = ( ) (h‘fa F———| — Py

(mys + my) (my + my) Mg + My my + m,

with an approximate value of Py,

/5

(mes + ms3) =9

Es = my

Moy(1yMes (Mg + mz —\/s)

’—”B’JH) =

the binding energy of particle 2 (1)



The Isospin
the p— X(3700)

IDD)=0 =

the cluster of X(3700),
1 11
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The Isospin
the p - X(3700)
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RESULTS AND DISCUSSION

B. Durkaya and M. Bayar, Phys. Rev. D 92, 036006 (2015)
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FIG. 2. Modulus squared of the f}(D‘D)X[ETﬂﬂ) scattering am-
plitude with total 1sospin [ = 1.
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DD, (2420) system . M~4256 MeV, I'~25-30 MeV

42+06 . . — — S —
i “— m +m_+m_=4535 MeV
P D D
ol _my, (2420 T, ~4290 MeV
- - 111! ~40 MeV below the D1(2420)
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T 2e406 -
1e+06 — a X(4260) IG(JPC)=??(1")
i 1 m~4251 MeV, I'~44 MeV
0 —_— T
4100 4150 4200 4232[' 4300 4350 440 BESIII, Phys.Rev.Lett. 118 (2017) no.9,
g 092001

FIG. 3. Modulus squared of the D(;}D)Dlmm} scattering
amplitude with total 1sospin [ = 1.
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BESIII RESULTS (Phys.Rev.Lett. 118 (2017) no.9, 092001)

(4) e*e” — )/, T P(2S), whirhe and the “Y” States

e*e” — mtrrJ/y using ISR at BaBar ete” — mrrr-J/ using ISR at Belle
PRD 86,051102(R) (2012) PRL 110, 252002 (2013)
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Conclusion 1: The cross section is inconsistent Conclusion 2: The Y(4008) is not needed to describe the BESIII data.
with a single peak for the Y (4260)! Fit I with a wide low-mass Breit-Wigner is equivalent to

Two peaks are favored over one peak by > 70 Fit [l with an interfering non-resonant exponential shape.



m~4241 MeV, I'-20 MeV
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FIG. 4. Modulus squared of the D(pD)p 242y scattering
amplitude with total 1sospin 7 = 0.
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SUMMARY

* We investigate the three-body systems of pDD by taking the fixed center
approximation to Faddeev equations, and find

- A bound states around 4320 MeV and 4256 MeV associated to X(4360) and
X(4260) with I=1

= Predict a new state: mass about 4241 MeV with I=0
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Thank you for your attention!
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