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Introduction

Introduction

e Heavy quark symmetry framework (HQS): with | = 1 two
doublets of Dy states are generated:

- light quark — j = 3/2, total angular momentum:

JP =1t 2+
- light quark — j = 1/2, total angular momentum:
JP — O+, 1+

e The doublet with JP = 11, 27 is identified with the
Ds1(2536) and Ds,(2573) in HQS

« However, the doublet with J° = 0+, 1% and very broad
states cannot be identified with the narrow states
discovered: the D},(2317) and the Ds;(2460) (100 MeV
lower in mass than the predictions)

e D},(2317): strong s-wave Coupling to DK, E. van Beverenand G. Rupp, PRL
(2003), Couple Channels: D;0(2317) ~ DK, b. Gamermann, E. Oset, D.
Strottmann, M. J. Vicente Vacas , PRD (2007), D51(2460) ~ KD*(UD;),

D51(2536) ~ DK *(Dsw)) D. Gamermann and E. Oset, EPJA (2007)
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The VV interaction sando, Kugo, Yamawaki

Cin = 5V VL) =g (9, — AV,IV V)

\

L) = LV, VNV —V, VAV

2
pws 9 Vi
24w + Kt
Vo = 9N, — 3V, — gV, Vi ] vz +_ﬁ pop 0
g=M R
= K *— K*O ¢
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The VV interaction
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e The VV interaction comes from 1. a) and c)
e 1.d):
- p-wave repulsive for equal masses (R. Molina, 2008)

- minor component of s-wave for different masses (L. S.
Geng, 2009)
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Formalism: The VV interaction
Approximation

¢y = (0,1 o -
}L:Eovo’ ; ki = (k°,0,0, K]) ¢~ (0,1,0,0)
i:(|l€| 0,k° )/m Iz/m:O, 6}2‘1:(0,0,1,0)
E kj“eﬂ) ~0 e =(0,0,0,1)
Spin projectors
1
PO = éeue“e,,ey
(1) 1 ” ,
P = E(Eu‘f%”é = Gy )

1 1
p2) — {E(eueveuey + ep€ev€’el) — §eae°‘egeﬁ}
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Formalism: The VV interaction

> o | « (a) and (b)— Pole
* mass and width
©
>_< N >.< e () — p-wave

\,+/ repulsive (not
@ i included)
7N o (d)— Pole width
Bethe equation
T=][ - VG]_1V G = fqmax 92dg witw,

0 (27) wywy[(PO)%—(wi+wp)2+ie]
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The VV interaction

. 10(1370), f,(1270) ~ pp

R. Molina, D. Nicmorus and E. Oset, Phys. Rev. D 78,
114018 (2008)

. 10(1370), fo(1710), f2(1270), £5(1525) ~ pp, K*K*...

K5 (1430) ~ pK*, wK*...

L. S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009)
. D*(2640), D3(2460) ~ p(w)D*

R. Molina, H. Nagahiro, A. Hosaka and E. Oset, Phys. Rev.
D 80, 014025 (2009)

. Y(3940), Z(3930), X(4160) ~ D*D*, DD

R. Molina and E. Oset, Phys. Rev. D 80, 114013 (2009)
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e C=0,S=11=1/2
(hidden charm):

C=1S=21=1/2

D:D*, J /K DK™
«C=1,S=-11=01 sC=25=01=01
D*K * D*D
e C=1,S=11=0: 'CZZ;S:}L:]‘/Z:
D*K*, Diw, Do DsD
eC=1S=11=1: e C=25=21=0
D<Ds

D*K*, D¥p
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Convolution

Convolution due to the width of the p meson (D3p channel)

& 1 (mp+2rp)2d US| 1 o o
s) = — Mmi(—=)Im_——————-—G(s,mg, mp-
(s) N S, a1 1(=>) 2~ me i 1, Mp;)
- M2 — 4m?2 . r 2.1 MeV

(M) = p(—5——2)%20(m — 2m, B < 22 il
(m) p(m§—4m72r) ( ) I, = 146.2 MeV

k- = 48 MeV

e The p*-mass convolution gives [ ~ 8 MeV (D)
e The K*-mass convolution gives ' ~ 3 MeV (or less)(D*7K)
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The PP decay mode

e The PP box diagram has only J° = 0t and JP = 2+

guantum numbers
e We only find atractive interaction in the sectors:

-C=1;S=-1;1 =0: D*K*
-C=2S=0;1=0;J =1: D*D*
- C=1,S=1;1=0: D*K*, D¢,
Diw -C=2S=11=1/2,=1:
D:D*
-C=1S=11=1:D*K*, Dip

D (k)

Now N N

le)* | ks —q) Tt | K Ky | K

NI EN
D

S}

q /
K*(ks) K*(ky)
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The VV interaction

e Model A: ) )
Af —m
Fi(q?) = L
AZ — (kf — )2 +[q]?
A2 —m3
F3(q2) = g 3 =15
A — (kg — %) + g2
with q° = 5”2”\2["“4 g running variable, A, = 1.4,1.5 GeV and
g=M,/2f;
e Model B:

0Y2 (712} /A2
F(q?) = el@r—laR/n°

with A =1,1.2 GeV, q° = “L, g =M,/2f,,
9o, = Mp; /2fp, = 5.47 and gD = gD -px = 8.95 (experimental
value)



C

e V ~ —10g? for

|1=0;J=0,1
e V ~ —16g? for
|=0;J=2
I[JP] \/gpole | gD*K*)
o[0™] 2848 12227
0[1™] 2839 13184
0[2*] 2733 17379

1S

—1;1 = 0 (exotic)

Results

e Channels: D*K* (o = —1.6)

13P] VSpole (MeV) | Model r (MeV)
o[o] 2848 A, A = 1400 MeV 23
A, A = 1500 MeV 30
B, A = 1000 MeV 25
B, A = 1200 MeV 59
0[] 2839 Convolution 3
o2t 2733 A, \ = 1400 MeV 11
A, A = 1500 MeV 14
B, A = 1000 MeV 22
B, A = 1200 MeV 36




C =
e V ~ —18g? for
1=0;J=0,1
e V ~ —26g2 for
1 =0;J=2
e a=-16
|[JP] Vs | Ip*K * QDS*“, Ipx ¢
O[O+] 2683 15635 —4035 6074
O[1+] 2707 14902 —5047 4788
02"] 2572 | 18252  —7507 7257

Results

I9°P1 V5 (Mev) Model I (MeV)
0[0™] 2683 A, A = 1400 MeV 20
A, A = 1500 MeV 25
B, A = 1000 MeV 44
B, A = 1200 MeV 71
o[1t] 2707 Convolution 4x1073
0[2*] 2572 A, A = 1400 MeV 7
A, A = 1500 MeV 8
B, A = 1000 MeV 18
B, A = 1200 MeV 23
Channels:
C=1,S=11=0:D*K* D¢, Diw



e V ~ —7g? for
=0, =0,1

e V ~ —13g? for
1=0;J=2

|G[JPC]

\@pole | Ip*K *

Results

e Channels: D*K*, Dp (o = —1.6)

113°1 VBpole (MeV) | Model r (Mev)
127] 2786 A, A — 1400 MeV 8
A, A = 1500 MeV 9
B, A = 1000 MeV 9
9gp B, A = 1200 MeV/ 11

127]

2786 | 11041

11092




Results

C=2,S=0;=0and C =2;S=1;1 =1/2 (exotics)

Channels: D*D* (o = —1.4)
e V~0forl=0;J=0,2
oV~ —25¢0%forl=0;J=1

1[3P]

\/gpol e

Op+D*

1[3P]

\/gpole

Channels: D*D{ (o = —1.4)
eV ~20forl=1/2;3=0,2
oV~ —20g%forl=0;J=1

Op; D+

O[1+]

3969

16825

1/2[1]

4101

13429




Results

Summary
c,s 1197 Vs Ta(A=1400) Tg(A = 1000) | State VSep Texp
1, -1 o[0*] 2848 23 25
0[1™] 2839 3 3
0[2™] 2733 11 22
1,1 o[o*] 2683 20 44
o[1t] 2707 4x10°8 4x10°8
0[27] 2572 7 18 Ds»(2573)  2572.6 0.9 2045
121] 2786 8 9
2,0, o[1*] 3969 0 0
2,1 1/2)1t] | 4101 0 0

Table: Summary of the nine states obtained. The width is given for
the model A, I'a, and B, I'g. All the quantities here are in MeV.
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Conclusions

¢ We studied dynamically generated resonances from
vector-vector interaction in the charm-strange and
hidden-charm sectors and flavor exotic sectors

¢ In the present work we can assign one resonance to an
experimental counterpart, which is the D3(2573) that can
be interpreted as a D*K* (mostly) molecule

e We get new flavor exotic statesinthe C =1;S = —1 and
C =2;S = 0,1 that can be thought as D*K* and D*Dy
molecules and obviously if observed cannot be
accomodated into qq
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