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anti-triplet as anti-quarks q. (Baryons can now be
constructed from quarks by using the combinations '\V\D\w\&,
(qaq), (9gqgqq), etc., while mesons are made out
of (qq), (qqqq), etc. It is assuming that the lowest

baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while @ @

the lowest meson configuration (q q) similarly gives
just 1 and 8. T.6) @ @
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CHARMO NIV, AND THE D-TACTORLES
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Candidates / (1 MeV)

Phys. Rev. Lett. 118, 182001 (2017)
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Candidates / (1 MeV)

Phys. Rev. Lett. 118, 182001 (2017) N
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Ted Barnes, Int. J. Mod. Phys. A21 (2006)
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Ted Barnes, Int. J. Mod. Phys. A21 (2006)
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22nd International Symposium on Lepton-Photon Interactions at High Energy (LP 2005)}

Striking feature!

x.1(3872) aka X(3872)

BX — J/i¢ ntr—nY) B
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It violates isospin!
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Phys. Rev. D 82, 011101 (2010)
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OTHER POSSIBLE CONFIGURATIONS
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Chiral Unitary Approach
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Singly and doubly heavy baryon states
as meson-baryon interactions
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PHYSICAL REVIEW D 97, 094035 (2018)

Phys. Rev. Lett. 118, 182001 (2017)

Molecular €, states generated from coupled meson-baryon channels Q
T T T T T T T T T T T T T T 3000)
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V. R. Debastiani,l’* J. M. Dias,1’2’T W. H. Liang,3’i and E. Oset'?

S { . —
1Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia—CSIC, 400 _ ' LHCb -
Institutos de Investigacion de Paterna, Aptdo. 22085, 46071 Valencia, Spain F 'l .

Instituto de F isica, Universidade de Sao Paulo,
Rua do Matdao, 1371, Butantd, Sdo Paulo, Sdo Paulo CEP 05508-090, Brazil
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S 3066
. Q) (3066)
Channels S
oo L) (3090)
TABLE 1. J = 1/2 states chosen and threshold mass in MeV. 100 ¥
States =Kk =K EBD Qun ED* =K =K Ny L) (3113)
3000 3100 3200 3300
Threshold | 2965 3074 3185 3243 3327 3363 3472 I
m(=.K ) [MeV]

TABLE II. J = 3/2 states chosen and threshold mass in MeV. . >< N >Q< . >®< .
States =K Q% ED* EK* ED ZK*

Threshold | 3142 3314 3327 3363 3401 3472

T-_ V¥V
(£-VG)
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Pseudoscalar meson - Baryon (1/2)

Pole position [MeV], couplings g; [dimensionless], and wave functions at the origin g,-G,U [MeV ] from
pseudoscalar(0~)-baryon(1/27) interaction describing the €.(3050) and Q.(3090).

3054.05 + i0.44 =K =K =D Q.1
g —0.06 + i0.14 1.94 +i0.01 —2.14 +i0.26 1.98 + i0.01
g;G! —1.40 — i3.85 —34.41 - i0.30 9.33 —{1.10 —16.81 —i0.11
0 3091.28 + i5.12 =K =K =D Q.
g 0.18 —i0.37 0.31 + i0.25 5.83-i0.20 0.38 +i0.23
GH 5.05 +i10.19 —9.97 — i3.67 —29.82 + i0.31 —3.59 — i2.23

ﬂg(,so 30) [

Pseudoscalar meson - Baryon (3/2)
'~ (8:714020.8) MoV

The coupling constants to various channels for the poles in the J¥ =3/2~ sector, with
Imax = 650 MeV, and ¢;G!! in MeV.

ﬂ (3113) ﬁ> 3124.84 =K Qry =D = K =D = K
c g, 1.95 1.98 0 —0.65 0

0
g;G!! —35.65 —16.83 0 0 1.93 0
\* % %
4% ° l - o * g - o' B ~ ~
\ (1 4) MWV 3290.31 +i0.03 EiK Qin ED* =.K* =*D = K*
gi 0.01 +:0.02 0.31 +0.01 0 0 6.22 —i0.04 0
g;G! —0.62 —i0.18 —5.25-10.18 0 0 —31.08 +i0.20 0
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,‘) Available online at www.sciencedirect.com
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Nuclear Physics B 930 (2018) 524-532

www.elsevier.com/locate/nuclphysb

Molecular €2, states

Wei-Hong Liang “*, J.M. Dias "¢, V.R. Debastiani°, E. Oset"

4 Department of Physics, Guangxi Normal University, Guilin 541004, China
b Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia - CSIC, Institutos de Investigacion
de Paterna, Aptdo. 22085, 46071 Valencia, Spain
¢ Instituto de Fisica, Universidade de Sdao Paulo, Rua do Matdo, 1371, Butantd, CEP 05508-090, Sdo Paulo, Sdo Paulo,
Brazil

Channels

The pseudoscalar—baryon states with J P — %_ and their threshold masses in
MeV.

States =, K 2, K Qpn EB
Threshold 6289 6431 6594 6598

The pseudoscalar—baryon states with J© = %_ and their threshold masses in
MeV.

States ErK Q' =*B
Threshold 6451 6619 6813
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The vector—-baryon states with J P — %_, %_ and their threshold masses 1n
MeV.

= R* o =/ 7k
States =B Ep K g, K

Threshold 6643 6687 6829

Channels

V..— D 2\/E_ZWB,-_]WBJ- MBi—I_EBi MBj_l_EBj
S 412 2Mp, 2My.

J

T = v
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The poles, and coupling constants of the poles to various channels in the PB sector with J P —1 /27,

taking g;qx = 650 MeV. g; has no dimension and g; Gl.l I has dimension of MeV.

6405.2 2K 2, K =B Qpn

g —0.01 4i0.02 2.04 4 i0.01 —1.624i0.02 2.08 +i0.01

gi G —0.34 — i0.47 —~37.31 —i0.18 2.27 —i0.02 —18.28 — i0.09
6465.3 +i1.2 EpK 2, K =B Qp1

g 0.07 —i0.15 0.11 +i0.125 10.70 — i0.10 0.15+i0.11
gi Gl 3.92 +i3.91 —4.53 —1.66 —18.89 +i0.08 —1.55—i1.14

The poles, and coupling constants of the poles to various channels in the PB sector with J P=3",

taking g, = 650 MeV. g; has no dimension and g; GZ.I I has dimension of MeV.

6427.1 21K Q' E*B
g 2.01 2.05 —0.60
g Gj! ~37.17 ~17.86 0.53

The poles, and coupling constants of the poles to various channels in the VB sector with J P —
1/27, 3/27, taking gmax = 650 MeV. g; has no dimension and g; Gl.l I has dimension of MeV.

6508.0 EB* EpK* 2, K*
gi 10.88 0.32 —0.15
gi Gj! —18.86 ~2.37 0.77
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PHYSICAL REVIEW D 98, 094022 (2018)

Q- — (EFK™)x~ decay and the Q, states

V.R. Debastiani," J. M. Dias,"*" Wei-Hon Liang,3’jt and E. Oset'”
g

1Depaxrtamenta de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia—CSIC,
Institutos de Investigacion de Paterna, Apartado 22085, 46071 Valencia, Spain
*Instituto de F isica, Universidade de Sdo Paulo, Rua do Matdo, 1371, Butantd,
CEP 05508-090, Sao Paulo, Sao Paulo, Brazil

‘ 3160 31l50
3Department of Physics, Guangxi Normal University, Guilin 541004, China

My (Z.K) [MeV]

Channels

TABLE I. J = 1/2 states chosen and threshold mass in MeV.

States =K ZK ED Qun ED* Z.K* E.K*
Threshold | 2965 3074 3185 3243 3327 3363 3472

TABLE II. J = 3/2 states chosen and threshold mass in MeV.

States =K QW#n =D E.K* ZD EK*

b

Threshold | 3142 3314 3327 3363 3401 3472

Phys. Rev. D 97, 094035 (2018)
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Results obtained

Phys. Rev. D 97, 094035 (2018)

- 3080 3100 3120 3140 3160 3180 3200 SO\V‘A "K i\&‘x O\muuels

M (ZLK) [MeV]
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QCD Sum Rules Approach
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QLD UM RULES

Vawnishtein Zalkharov

Nuclear Phys. B 147 (1979).
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QLD sum RULES
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PHYSICAL REVIEW D 88, 016004 (2013)
Z,(3900) decay width in QCD sum rules

J.M. Dias,* F.S. Navarra,” and M. Nielsen*
Instituto de Fisica, Universidade de Sao Paulo, C.P. 66318, 05389-970 Sdo Paulo, Sdo Paulo, Brazil

C.M. Zanetti®

Faculdade de Tecnologia, Universidade do Estado do Rio de Janeiro, Rodovia Presidente Dutra Km 298,

Polo Industrial, 27537-000 Resende, Rio de Janeiro, Brazil
(Received 13 May 2013; published 3 July 2013)

We identify the recently observed charmoniumlike structure Z:-(3900) as the charged partner of the
X(3872) state. Using standard techniques of QCD sum rules, we evaluate the three-point function and
extract the coupling constants of the Z/J/¢wt, Z n.pt and Z7 D' D™ vertices and the corresponding
decay widths in these channels. The good agreement with the experimental data gives support to the
tetraquark picture of this state.

DOI: 10.1103/PhysRevD.88.016004 PACS numbers: 11.55.Hx, 12.38.Lg, 12.39.—x
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extract the coupling constants of the Z/J/¢wt, Z n.pt and Z7 D' D™ vertices and the corresponding
decay widths in these channels. The good agreement with the experimental data gives support to the
tetraquark picture of this state.
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| Z+(3900)D* D™ 2.5 +0.3 3207 |
| Z¢(3900)D° D" 2.5+ 0.3 3.2+ 0.7 |

M

FIG. 6 (color online).

e ———

QCDSRs results for the form factor
gz pp-(Q?) as a function of Q% and M* for Asy = 0.5 GeV.
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 TABLE I. Coupling constants and decay widths 1n different|

Z.(3900) decay width in QCD sum rules channels.
J.M. Dias,* F. S. Navarra,” and M. Nielsen® | Coupling constant Decay width
, o o S ’ ' } } , ' Vertex (GeV) MeV) |
Instituto de Fisica, Universidade de Sdo Paulo, C.P. 66318, 05389-970 Sdo Paulo, Sdo Paulo, Brazil | |
7+(3900)J /7 3.89 + 0.56 29.1 + 8.2 |
C.M. Zanetti® ! Zr (3900)77ch 4.85 = 0.81 27.5 £ 8.5 t
Faculdade de Tecnologia, Universidade do Estado do Rio de Janeiro, Rodovia Presidente Dutra Km 298, | th (3900)12; D* *+0 2.5*0.3 3.2x0.7 i
Polo Industrial, 27537-000 Resende, Rio de Janeiro, Brazil | Z:(3900)D°D 25203 3207 |

(Received 13 May 2013; published 3 July 2013) S ———

Vertex coupling constant (GeV)|decay width (MeV) Maiani (2013)
Z7F(3900)J /4w 3.89 + 0.56 29.1 4+ 8.2 29
ZF(3900)n.p™" 4.85 + 0.81 27.5+£ 8.5 19
ZF(3900) D" D*" 2.5+£0.3 3.24+0.7 4
Z1(3900)D° D** 2.5+0.3 3.24+0.7 4

[o8-EE = (63 + 35)MeV
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10 years later...

PHYSICAL REVIEW LETTERS 126, 102001 (2021)
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Observation of a Near-Threshold Structure in the K* Recoil-Mass @
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FIG. 6 (color online). QCDSR results for the form factor
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C;; coethicients ot Eq. (12) for the pseudoscalar
meson-baryon states coupling to J* = 1/2~ in S-wave.
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PHYSICAL REVIEW D 98, 094017 (2018)

Doubly charmed =Z.. molecular states from meson-baryon interaction

Charm = 2,

J. M. Dias,1’2’3’* V. R. Debastiani,l’” Ju-Jun Xie,l’i and E. Oset!**

'Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China S‘l'rq N g eness =O ,
2Departament0 de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC, .
Institutos de Investigacion de Paterna, Aptdo. 22085, 46071 Valencia, Spain d nd Isospl n = ] / 2
3 . s . . . ~ ~ .
Instituto de Fisica, Universidade de Sao Paulo, C.P. 66318, 05389-970 Sao Paulo, SP, Brazil

TABLE II. Baryon-pseudoscalar states (J = 3/27) chosen ) P _
and threshold mass in MeV. TABLE 1. Baryon-pseudoscalar states (J© = 1/27) chosen and

threshold mass in MeV.

Channel Bl S QK XD 2D
Threshold 3840 4250 4291 4385 4615

k Channels

TABLE IV. Baryon-vector meson states (J© =1/27,3/2,
5/27) chosen and threshold mass in MeV.

Channel ZE..r AD E..n Q.,.K X.D ZE.D, ZE.D,
Threshold 3759 4154 4169 4208 4321 4438 4545

TABLE III. Baryon-vector meson states (J© =1/27,3/27)
chosen and threshold mass in MeV.

— — * Ty * * =k =k )k
Channel =p  Bh.w  XID QK 2. = D7

Channel A.D* E..p E..w X.D* E.Di Q..K* BE..¢p E.D:
Threshold 4478 4485 4526 4689 4722 4759 Threshold 4295 4397 4404 4462 4582 4606 4641 4689




RESVLTS

We get three states:

TABLE XI. Poles and couplings in the PBj,,, J* = 1/27 sector, with g, = 650 MeV, and ¢,G;' in MeV.

3837.26 +i100.48 BT A.D .ol Q.. K >.D =D, E.D,
g 1.72 4+ i1.30 0 0.41 +i0.32 0.80 + i0.77 0 0 0
q,G/ —74.27 —i12.89 0 —2.11—-i241 —4.03 —i5.35 0 0 0
4082.79 5 7 A.D = 0 Q. K s D E.D, Z.D,
g 0 0 0 0 8.86 0 1.93
q,G}! 0 0 0 0 -31.29 0 —4.04
4092.20 B T A.D .. Q.. K >.D =2.D, ELD,
g 0 4.01 0 0 0 3.75 0
q,G}! 0 —29.49 0 0 0 —-9.76 0
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RESVLTS

Two states were obtained in this case:

TABLE XII. Poles and couplings in the PBj,,, J* = 3/2~ sector, with g,,,, = 650 MeV, and ¢,G;' in MeV.

3918.15 + i100.32 Chiv = n QK S:D =D,
g, 1.72 +i1.30 0 0.41 + i0.32 0.80 + i0.76 0
/G —74.27 —i12.91 0 —2.10 — i2.41 ~3.99 — i5.30 0
4149.67 Chav = n QK SD =D
g, 0 0 0 8.82 1.30
g,G! 0 0 0 —31.46 —2.71
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RESVLTS

For vector mesons,
we have a
degenerate

case: 1/2 and
3/2:
4 bound states!
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Results for meson-baryon: 1/2 and 3/2

Poles and couplings in the VBi,, J' =
1/27,3/27 sector, with g« = 650 MeV, and ¢,G}' in MeV.

421721 AD* Z.p ZE.0 2.D* ED: QK" E. ¢ =D
g, 0 0 0 931 0 0 0 2.03
e 0 0 0 -3040 0 O 0 -3.94
422919 A.D* Z.p ZE.o 2.D* ED' Q K" E. ¢ =D
g 421 0 0 0 398 0 0 0
gG  —2870 0 0 0 =959 0 0 0
429312 A.D* Z.p Z.o 2.D* ED' Q K" E. ¢ =D
g, 0 371 1.16 0 0  242-045 0
g,G" 0 -37.49-1130 0 0 —1242 1.96 0
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RESVLTS

For vector mesons
and baryons with

3/2,

we have: 1/2, 3/2

and 5/2:

2 bound states!

Seminar - Beijing, China. November, 2021

Results for meson-baryon: 1/2 and 3/2

Poles and couplings in the VB3, J' =
1/27,3/27,5/2 sector, with g, = 650 MeV, and ¢,G}' in

MeV.

428043 =i .p SN, 2 D* Q. .K* X, = D3
g 0 0 9.31 0 2.03
glG}I 0 0 —-30.42 0 —3.90
437400 =’ .p SyN7) 2 D* Q. .K* EI. =D
g 3.70 1.15 0 242 —=0.44 0
glG}I —-37.53 —11.30 0 —12.35 1.94 0
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Phys. Rev. 93, 096011 (2016)
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A QCD sum rule calculation of the X=(5568) — BYw* decay width @) oo @
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