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Introduction

Since the X(3872) many exotics discovered ...

e Z.(3900), BESIII, 2013
close to DD*, ¢Gq¢ (q = u, d)
o Z.(3985), BESIII, 2021 8 c.
close to Dy D/DsD*, cgsc i
o Xp(2866), X1(2900), LHCb, 2020
close to D*K*, cGsg
e T.(3875), LHCb, 2021
close to DD*, cgcqg

. X
D°—  diquark-diantiquark

qg-gluon“hybrid”

1)

S
4

5yl

DO - D “molecule”

= Do not fit into gg basic mesons of the quark model predictions
... Are the meson-meson molecules? tetraquarks?
... Dynamics of the interaction?



New flavor exotic tetraquark (C = —1;5 = 1)

LHCb (2020)

Two states JP = 01,1~ decaying to DK. First clear example of an
heavy-flavor exotic tetraquark, ~ c5ud.

Xo(2866) : M =2866+7 and [ =57.2+12.9MeV,
X1(2900) : M =2904 +5 and [ =110.3+11.5MeV.

Candidates/ (17.3 MeV/c?)

FRE FEUTE FTRTY FRUTE FTURY FUTHY FRUTY FUTY

3 : 35
m(D"K") [GeV/c?

R. Aaij et al. (LHCb Collaboration), PRL125(2020), PRD102(2020)



Flavour exotic states

e 2010. Prediction of several flavour exotic states
PHYSICAL REVIEW D 82, 014010 (2010)
New interpretation for the D7,(2573) and the prediction of novel exotic charmed mesons

R. Molina,' T. Branz,” and E. Oset'
'Departamento de Fisica Tedrica and IFIC, Centro Mixto Universidad de Valencia-CSIC, Institutos de Investigacion de Paterna,
Apartado 22085, 46071 Valencia, Spain
Instinu fiir Theoretische Physik, Universitit Tiibingen, Kepler Center for Astro and Particle Physics, Auf der Morgenstelle 14,
D-72076 Tiibingen, Germany
(Received 4 May 2010; published 21 July 2010)

In this manuscript we study the vector-vector interaction within the hidden-gauge formalism in a
coupled channel unitary approach. In the sector C = 1. § = 1, J = 2 we get a pole in the T matrix around
2572 MeV that we identify with the D?,(2573), coupling strongly to the D*K* (D] d(w)) channels. Tn

addition we obtain resonances in other exotic sectors which have not been studied before such a;
= 1. These ““flavor-exotic” states are interpreted @
but have not been observed yet. In total we obtain nine states with dilTerent

angeness of non-C = 0, § = 0and C = 1, § = 0 character, which have been

spin
reported before.

DOI: 10.1103/PhysRevD $2.014010 PACS numbers: 1440Rt, 1240.Vy, 13.75Lb, 1440Lb

e Free parameter fixed with Ds»(2573); couples to D*K*, cgqs

e Flavour exotic states with / = 0, JP = {0,1,2}" coupling to D*K*
are predicted, cgsg

e Doubly charm states, / = 0; JP =17, close to D*D* are predicted,
cgcg, and | = 1/2; JP = 1%, close to D*D} cgcs



Flavour exotic states

Molina,Branz,Oset, PRD82(2010)

c,s Channels 1P Vs TA(A=1400)  Tg(A = 1200) State Vsexp lexp
1, -1 D*K* o[ot] 23 59 Xo(2866) 2866 57
o[1t] 2839 3 3 How to observe the JP = 117
o2t] 2733 11 36 For JP = 21 see Eulogio’s talk
1,1 D*K*,D¥w o[o] 2683 20 71
D} ¢ of1t] 2707 4x 103 4x 1073
o2t] 2572 7 23 Dy (2573) 2572.6 £0.9 20+5
1,1 D*K*, D} p 12H) 2786 8 11
2,0 D*D* o1 t] 3969 0 0
2,1 D* D} 1/211] 4101 0 0

Table 1: Summary of the nine states obtained. The width is given for the
model A, T4, and B, 's. All the quantities here are in MeV. Repulsion in
c=0,5S=11=1/2,C=1S=-1,1=1,C=1,§=2,1=1/2;
C=2,§=0,l=1and C=2,5S=2,/ =0is found.

Form factors in the D* D vertex; Model A: Fy(q?) = ﬁé__—'ﬁ‘, Titov, Kampfer EPJA7, PRC65 with A, = 1.4, 1.5 GeV and

2 2 /N2 i exp
&= My /2 fr. Model B: Fp(q?) = 9 Navarra, Nielsen, Bracco PRD65 (2002), A = 1,1.2 GeV and gp = gpyil, = 8.95
(experimental value). Subtraction constant & = —1.6.



Many studies appeared after these discoveries ...

e He, Wang, Zhu, EPJC80, 1026 (2020), Karliner, Rosner, PRD102(2020),
Xo(2866), compact tetraquark

e X. H. Liu, Yan et al., EPJC80(2020), X;(2866), Triangle Singularity

e M. Z. Liu, Xie, Geng, PRD102(2020), Xo(2866), D* K* molecule
(one-boson ex.), X1(2900) cannot be, Qi, Wang et al. EPJC81(2021), X;
is a D1K molecule (p, w ex.)

e Ge, X. H. Liu, EPJC81(2021), Z.(4000), X(4700), threshold effects

e Du, Albaladejo, F. K. Guo, Nieves, PRD105(2022), energy dep.
interaction, Zc5(3985) and Z(3900) are SU(3) partners, D" D)/ DD,

e Du, Baru, Dong, Filin, Nieves, F. K. Guo, T., PRD105, (2022), 3-body
dynamics, D°D%z", contact+OPE, DD* molecule

e Albaladejo, Tec from DD*, can have | =0 or 1

e Feijoo, Liang, Oset, PRD104(2021), T as DD, has | = 0, decay width
to D°D°r* ~ 43 MeV

e Padmanath, Prelovsek, PRL 129 (2022)virtual s-wave bound state for
my; = 280 MeV of DD* in LatticeQCD



The Local Hidden Gauge
Approach




The hidden gauge formalism Bando,Kugo, Yamawaki

Lagrangian
£=rL%+Ly
£ = %f2<DuUD”UT+xUT+XTU>
Lu = 2V V) 4 SME(IV, — LT,
4\ MY o VALY g H

D,U=090,U—ieQA, U+ ieUQA,, U= e V2P/f

Lvy = =My AlV"Q)
Lver = —ig(V[P,0.P]); g =My/2f
[P, 0. P> + MP*).

@ L
. 122

(4)



Local Hidden Gauge Approach
Vector-vector scattering

Lin = -3V VIE—I£BY) — ig((8,V, — 8,V,)vrvY)

\

L) = E(V,V, ViV — V,V, VEvr)

Vi = V, =
vt f K™

Vo — 0,V — ig[Viu, Vi] ;o Lt KT
K*— R*O ¢

g="5 D*° D** D:*



Local Hidden Gauge Approach

D
(a) (b) (e)

Figure 1: The D*K* — D*K* interaction at the tree level; (a) contact term;
(b) exchange of light vectors; (c) exchange of a heavy vector.

Approximation

e =(0,1,0,0) )
et =(0,0,1,0) k" = (k°,0,0,|k|) €/ =(0,1,0,0)
0. 4 =(0,0,1,0)

== k7070,k0 ~ m € (7 4y
5 = (|| )/m k/m 0, kf 6# ~0 e = (0,0,0,1)

LG = ig((0u Ve = 0 V)VI V) = ig([Vii, 0Vl V")
Spin projectors

o _1 1
PO = Ze e e’ PY = Z(epenee” —enee’e)

3
o

1 1
PR — {i(eueyeuéy +epene’e) — 56“6 €€’} .

5(

10



The X,(2866) and its spin
partners



Local Hidden Gauge Approach

Potential V: contact + vector-meson exchange (p, w)

J  Amplitude

Contact V-exchange ~ Total
2
0 D*R* —» D*R* 1?2 & (p1+p42) (p2tp3) | 15,2(¢2 — 3 )(py + p3)-(p2 + pa) | —9.9g2
"Dx M Mo
1 D*R* _ D*R* o £ 1+P4)*( Patp3) | %gQ(;lT ;37)(”1 ¥ p3)-(pa + pg) | —10.2¢2
D P
o o + +
> D*R* — D*R* | _2g2 _& 2(py 24) (P2+p3) | 1 2(;1? f{)(P1+P3)-(P2+P4) _15.9g2
D W B
Table 2: Tree level amplitudes for D*K™* in | = 0. Last column: (V;n.).
J Amplitude Contact V-exchange | ~ Total
- _ 2
0 D*R* — D*R* | —ag?  EPITPACP2TPA (p1tpy) (pptps) 387 (5 + L )pr - p3)-(p2 + pa) | 9787
by w B
+ +
1 D*R* - D*R* 0 MZM +368° (5 + )1+ p3)-(p2 +pa) | 9987
by w B
2 D*R* _» D*R* 262 g (P1+p42) (p2+p3) | %gz(%Jr%)(ler%) (b2 + pg) | 15.762
mDs* mé, me,
Table 3: Tree level amplitudes for D*K™* in [ = 1. Last column: (V;n.).

The interaction is attractive for | = 0 and repulsive for | = 1.

11



New flavor exotic tetraquark (C =1,5 = —1)

Two-meson Ioop function

M2 M2 —M?+s

2
G[(S) = (a + LOgT =+ M2

L <
2s Ene

s— M2+ M? 4 2py/s L s+ Mz — M? +2py/s

1672
P
SN G v s v Og—s—M§+M%+2p\/§))’

Bethe-Salpeter

=[1-VvGtv

The states with J© = {0,2}* decay into DK
D" D
Lvpp = —ig([P,0,P]V") D

F(q) = el®=a"=@/A"  Navarra, PRD65(2002)

with go = (s + m3 — m%)/2+/s. 2 .

12



New flavor exotic tetraquark (C =1,5 = —1)

Recent work: Molina, Oset PLB811 2020, o« = —1.474, A = 1300.
Evaluation of the decay width of the J© = 17 state

D*(p1) D*(p3)

.~/
L= %ewﬁ (6, V6 Vs P)

Lvep = —ig([P,0,P]V")

K*(m) K*(ps)
Combination of the spin projectors, 5P(1) 4+ 3P?), zero component for
J =0 (violates parity). The imaginary part for J =1 is,

1 21,
(mz—w*(q))Z—wZ(q)> N

31
t= > G/ *2 5
Im 2877( gmp+)°q

— " — A1/2 , 2*’ 2
w(q) = /M +§%w(q) = V/mb. +§% q = 25T

13



Decay of the X;(2900) to D*K

I(J?)  M[MeV] T[MeV] Coupled channels state
0(2") 2775 38 DK* ?
0(1+) 2861 20 D*K* ?
0(0*) 2866 57 D*RK*  Xo(2866)

Table 4: New results including the width of the D*K channel.

1=0;J=0 1=0;J=2

1108

A=1200 MV~ ' ——— A=1200 MeV
— — A=1300 MeV - —  — A=1300 MeV
so0o00 i

o 60000
=1

aaaaaa

200000

o

2700 2750 2800 2050 2000 2060 3000 2650 2700 2750 2800 2850 2900

E[MeV] E[MeV]

Figure 2: |T|*for C=1,S=—-1,/=0,J=0and J=2.

14



Decay of the X;(2900) to D*K

6x10° '

I=0;d=1
- i T i i i -
smei A=1200 MeV
r — — A=1300 MeV
4x106:
o~ at
— 3x10
= r

2x10° |

1x10°F

2800

1 . 1 . . . . 1
2850 2900

295;)
E[MeV]

Figure 3: |T|>for C=1,S=—-1,/=0,J=0and J=1.

15



How can we observe the J© = 17 state?

Amo Sanchez et al. (BABAR), PRD83(2011).
The B® — D**D*°K~ reaction:

e It proceeds via external emission (favoring the decay)
e It has the largest branching fraction (1.06%)
e It can produce the D** K~ in | = 0 (decay mode of the 1T state).

(=
A 4

Figure 4: Diagrammatic decay of the B® — D**D**K*~ at the quark level.

16



How can we observe the J© = 17 state?

Hadronization + decay

Figure 5: (a) Rescattering of D*tK*™ to give the resonance R; of
I =0,J7 =1%; (b) Further decay of R; to D**K~.

_ 1 _
|D*K*; 1 =0) = —%(D*JFK*‘ + D*OK*0y. (5)

B — D*D**K*~ vertex:  (1)D*°, (2)D**, (3)K*~
(s—wave) —it=—iCeM . (e? xe®)=—j Ce,-jke(l)ej(?)ef)

i

R, — VV vertex: —\%gRD*RJP(J:l); pU=1) = %(652)61(-3) — 61(2)6,(-3))



How can we observe the J© = 17 state?

Z fgl)eii’j’ﬁg)emi’j’ = €jirjr€iprjr = Ojir Ojpp — 0jrjdjryp =9 —3 =106
pol
6 2 1 >
t°=-C < |7 Gp= g+ (Minv * -
Z| | 2 |gR1,D &+ |1 Gpr g+ (M )| |gR1 D K| |M2 (R) — M.??l +/MR1FR1‘

pol inv

with M7, = (Pp-+ + Px-)?. The effective |gg, p.z|* coupling is

mv

obtained from the R; — D*K width.

dMinv(dDr*JrK_) N (2717)3 4/;7?‘;0 PDwoPK- Z £T* (6)
where px- = Al/z(M;M,(f(;’ful'n)D“mz) . Ppro = X2(Mo,m Dz*,‘f,,”"’iw(D“K*),
Background for B® — D*D**K~  —jt = —iCe(D*°) - ¢(D*")

dlMpac 1 12 ppfi 3 2 -

dMin(D*TK=) ~ (27)2 4M



How can we observe the J© = 17 state?

Dai,Molina and Oset, PLB 832 (2022)

5x107* T
— dr
My (D FK )
. Uy
s AMiy (D*FK )
4x107* | b
3x 1074} R
2x 1074 :
1x 1074 :
) . "~‘

0Ll ! L ! . L
2500 2600 2700 2800 2900 3000 3100 3200 3300

My (MeV)

Figure 6: d,\ir for the R; production versus the background, 5}\}%, in the

B® — D**D*tK*~ reaction in a global arbitrary normalization. M, is the
invariant mass of D**K~. Br(Ri; Ri — D*TK™) = 4.24 x 107°.

19



How can we observe the J© = 17 state?

Similar results for the B® — D*tK*~K*0 — R K*0 — D*T K~ K*0
process. Dai, Molina and Oset, PRD105 (2022)

1x 107

T (D TR

8x1074
6x107%
1% 107

2x 1074

2500 2800 3100 3400 3700 4000 4300

My, (MeV)

F_igure 7: d’\j’,i:v for Ry production and Z,\r/}":j for background in the
B® — K*D** K~ reaction in global arbitrary units versus the D*T K~

invariant mass.

The Xp(2866) can also be seen in:

B® - KOD*tK*~ — K°Xy — K°DtK~ Dai, Molina, Oset, PRD105,2022
B~ =D D*"K*~ =D Xy — D DTK~ PLB 832, 2022 20




Doubly-charmed states




T+

cc

signal in D°DO7r*

@707 T = =

= b LHCh 5% g

; &0 9fht %25 + 3

2 o J' S ]

£ a0~ R LR
200 3.874 . 3872(,\~/’ 1;

o ﬁﬂ o
obe MUY + +H— e H%HJF ﬂHﬁi
388 o 389 [cp\'/gjg

Nature 2022. Spectra without
correction by experimental
resolution:

Mexp = 3875.09 MeV + 6 mexp
SMexp = —273 + 61 + 571, keV;
M =410+ 165 + 4373 keV

Remarkably close to the D**D°/D*D* thresholds!

3V

12 T
2r T ]
S 14 L ]
" 37 e 13
1- i
b o ]
L o 1
L o4 ]
0.8— 02 J
T e ]
C Smpopors [keV/e2] ]
0.6— Y J
[ T ]
L P ]
04— o —~___ 11
: 107} :
02~ e . b
r Smpopy MeV/e?] ]
ot . | I |

0 2 4

Smpopo+ [3 LeV/ (:2}

Nature 2022. Spectra corrected by
experimental resolution and analyzed
with a three-body unitary amplitude

S Mexp = —360 & 4074 keV;
=48+ 279, keV

21



T signal in D°D%7 "

”n Dt Dt » D0 Dp*0 Dt D*o

J/0 J/ ot

P2 P4
Do Do D+ ‘ Dt
(a) (b) (©)

Feijoo, Liang, Oset, PRD104 (2021)

1 1
_ oo M2 m2
T=[1-VG]"Y Vi=Cig’(p+ps)-(p2+pa)é-& ij( FAR )

Individually the D**D° D*0D™ states have a weak and repulsive
interaction, but the isospin combinations,

[D°D.1=0) =~ J5(D"*D" — D°D), ®)
|D*D, 1 =1,13 =0) :_%(DH—DO—I—D*OD"'), (©)
Coozifi; C11:7+7; C01:0; (10)

Mipe  m; M

lead to an attraction in / = 0 and repulsion in [ = 1. 22



T signal in D°D%7*

a1 1 1
AMZ, AMZ, ~ 2 (27)3 $3/2
— T =43 KeV

D (p3)

Do _
—o'p’ Z 0.8
]

= ) S

703 - B'D” thresh.
; — B°D" thresh.

3874 875 3876 3877 3878 3879 3880 3874 3875 3876 3877 3878 3879 3880
N »
5“2 Mev) 5% [Mev]

Works about the T:: Feijoo, Liang, Oset, PRD104 (2021); M. Albaladejo,
PLB (2021); Meng-Lin Du, Baru, Dong, Filin, Feng-Kun Guo, Hanhart,
Nefediev, Nieves, Qian Wang PRD105(2022); Xiang-Kun Dong, Feng-Kun
Guo, Bing-Song Zou, Com.Theo.Phys. 73 (2021)...

t%,

23



T states from D*D*, D*D;

Dai,Molina,Oset, PRD105(2022)

v v v, vl = %W VLVEVY — V,V, VEVY)
;
; (3V) v
! Liy " = ig([Viu, 0o Vu]V")
—_— .
v v 14 v Repulsion for I =1
(a) (b)
J  Amplitude Contact V-exchange ~ Total
0 D*D* — D*D* 0 0 0
2
1 D*p* — D*D* °%ﬁ§z+érﬁ%wm+mm+w+m+mww%n—%M
3
2 D*D* — D*D* 0 0 0

Table 5: Tree level amplitudes for D*D* in I =0,C =2,5 = 0.

J Amplitude Contact V-exchange | ~ Total
7

0 Drp* - prp* | —ag2 & (n1+p§)(p2+p3) g (p1+p3)<n2+p4) 1062
K e

1 DFD* - DFD* 0 _& (p1+p4)(p2+n3) s (p1+p3)<n2+94) —19.5g2
i i

2 DD - DFD* 2 & (p1+mp§)(!!2+i)3) g (p1+p3)<p2+P4) 25.0g2
K* ™

Table 6: Tree level amplitudes for D*D; in | =1/2,C =2,5 = 1.

24



T.. states from D*D*/D*D}

Do Lvep = —ig ([P, 0. P]V")
Dt Dt G’
Lovp = —= " P(8,V,,0a V5P
N - we =7 (Ou 3P)
/ 3g/ ’ va
Do Do G = : = — L
D+ ar2f & V2f2
i o= 49 1/ d*q 1 i 1
23/ (2m)* 2Ep-(q) P} — q° — Ep-(q) + ie 2Ep(q)

i i i

4
P+ — En(q) +ic ¢ — m2+ic (p2— i+ q) — mZ +ic °

_ 6 . 1 2 4
ImViox = 8 \/>q ED (\/7g) ( 2 ) <(p§)7 ED(q))2 7q27 2) F (q)FHQ

mz
)\1/2(57 mD*amD)_ ED* — \/>

q= 2\/; '

Fla)= e/

25



T.. states from D*D*/D*D}

2
qOZP?—ED*(q); Fro = (:D*) V= V+ilmVpox
P

foo0 s M0 8060 @080 1000

V5 (MeV)

0100

e T R T U T P v )

V5 (MeV)

Qmax = 450 MeV

Jmax = 420 MeV
Mp+p+ 4014.08 MeV 4015.54 MeV
Bp+p= 3.23 MeV 1.56 MeV
FD*D* 2.3 MeV 1.5 MeV
Mpy p~ 4122.46 MeV (cusp) 4122.46 MeV (cusp)
Ipy p 70 — 100 KeV 70 — 100 KeV

Extension Weinberg compositeness condition, Gamermann, Nieves, Oset,

Arriola, PRD81 (2010), Toki, Garcia-Recio, Nieves, PRD77 (2008)
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Hidden-charm strange state

BESIII (2020) has reported a state, Z.5(3985), from the D;~D°, D D*°
invariant mass distribution of ete™ — KT(D;~D° + D D*?).
M =3982.5718 + 2.1 MeV, T =128%53+3.0MeV. (11)

7 MeV above the DX~ D% D_ D*0 threshold. SU(3) partner of the
Z-(3900) state?, changing u or d by an s quark.

Hidden-Gauge Formalism |keno,Molina,Oset, PLB814(2021)
Channels : J/¢yK™ (1), K*™n.(2), D:~D°(3), D; D*°(4)

Vv \Y
P1 P3

VEX

%] Pg

27



Hidden-charm strange state

Vj = Cig2(po+ pa)(p1 + p3);  mip = 1916 MeV, p. = 2060 MeV

1

o
o
-

2 2
mp . Mp
1 1
O m2 I’P"l2
C: = DF D*
uy - 1 )
- 0
m
/P
1
2
my

and the product €- €’ has been omitted. We build the combinations:

1 — My* *— 1 — * *—
A:E(DSDO—FDS D), B:%(DSDO—DS D).

Combination A couples to J/¢K~, K* 71, while B not.

JJpK™ (1), K ne (2), %(DS‘D*”D;_DO) 3)

Similar to Z(3900), D*D + DD*, G = +, Aceti, Bayar, Oset, Martinez Torres,

Khemchandami, Navarra, Dias, Nielsen PR90 (2014)

28



Hidden-charm strange state: ete™ — K*(D:~D° + D D*?)

1
Vi=g C”z 3MEy — (i + m) + m} + my) — (i — ma)(m5 — m3)|
12

where M7, = (p1 + p2)>.  g° correction in the propagators =0 for V; and
q2 — I\/I2 + ME)* — 2EMé*, for Vi3, Vo3, with E = %
G = qu w1 + w2 1
: (2m)? 2wiwz (P°)? — (w1 +w2)? + i€
0 0 2
G = 0o L w=y/m G2 e = /M +§? and
J o 3] < gmax- Gmax ~ 700-850 MeV in
Tm? 14 (mp\2
I/ BS factor, ¢ = -3 + N (m—H> (2.8)
M -1
=[1-VG 'V o N2 (s i M2, )
2y/s ’
1/2( p g2 2 2
do : pg N |Tss|? §= A (Mp, D*?mDsa""D*)7
dMD = s\[ 2Mp,p-

29



Hidden-charm strange state: ete™ — K*(D:~D° + D D*?)

30

T T T
----- - c.c.conv. © Exp.data 7
c.c.

25r 1 ch.
p. space

20

Events/5.0 MeV
o

S S S S
3960 3980 4000 4020 4040

M5, p-[MeV]

Figure 8: Results of do/dMj_ p.. Solid line: Result for the D.D* + D D
combination with its coupled channels (c.c.). Dashed line: Result for the single
channel D;D* — D; D combination (1 ch.). Dotted line: phase space.
Dashed-dotted line: result folded with the experimental resolution (c.c. conv.).
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Are there Z_, states from D;D*?

Ikeno, Molina and Oset, PRD105(2022) Channels: D+ D*0, J/¢pK*+

Dy DL Jhy Jhy DY Jhy DL K*
P, Py

Jhy

Do iy

(a) (b) () (@ (e)

Figure 9: Contact term (a) and vector exchange terms (b, ¢, d, €) involved in
the interaction of the coupled channels.

neK™, J/9K™T included via box diagrams:

DI Ne (- @ Dt

Dr+ K+ DI
®) by
@ @y Dt D} (+a-p) (b) ne D
(o) —— ®) >
. Kos+9 DO Do Ne Do
D Iy b, @) Dy D! X D
) ;)
@ @y Dt DI Gyra-p) () B L
L i~ Kopea oo B0 iy Do

31



Are there Z_, states from D;D*?

250000 750 eV 250000 o —755ev
e 2 800 MeV ——— 2 2 800 MoV ——— o Ty
a7 2 900 MeV Ty 92 900 MoV
200000 200000
U= 2, Qg = 450 MeV =2, Qg =650 MoV
150000 150000
N’: ";:
100000 100000
50000 50000
o 0
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Figure 10: | T|? for the each channel are shown for J = 2 and the different
Giax Value of the J/9K* channel. The value of gmax = 450,650 MeV is fixed
for the DX D* channel.
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Figure 11: Left: Mechanism for B~ — J/¢¢K~ decay based on internal
emission. Center. External emission and right, decay into J/¥K™.
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Invariant mass distribution for B~ — J/9¢K ™

dr 1 s L2
= Pe Pr |t|
dMiny (J/9K) — (27)* 4Mp
/20012 M2 a2 1/20p2 2 2
with Py = A (MB’M(P’MinV(J/wK)) _ A (Minv(J/wK)’MJ/w’MK)
@ 2Mp ’ 2Miny (J/9K)
0.00006
0.00005 T = 700 MoV Q' max = 700 MeV/
a2 800 MeV 000005 | e 2800 MEY ST
0.00004 | Q'may = 900 MeV | - Ama = 900 MY e
H 0.00005
0.00004 | (6) =2, Grya = 450 MeV (a) J =2, Gy = 650 MeV
0.00004
2 0.00003 £
£ £ 0.00004
s s
5 0.00003 5 0.00003
0.00002 0.00008
0.00002
0.00002
0.00002
0.00001 0.00001
3900 3950 4000 4050 4100 4150 4200 3900 3950 4000 4050 4100 4150 4200
Miny [MeV] My [MeV]

(12)

Figure 12: The mass distribution for B~ — J/19¢K ™ is show as a function of
Miny (J/¥K). () gmax = 450 MeV and (b) gmax = 650 MeV are fixed for the
D} D* channel and the different values of )., for the J/¥K™ channel are used
as shown in the figure. The result corresponds to the case of J = 2 for D D*°.
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Conclusions

e The Xo(2866) and T..(3875) are good candidates to be D*K* and
DD* molecular states respectively

e We have made predictions on D*D* states for | =0, J° = 1%

e We have proposed several reactions where the J = 17 state (partner
of the Xp) can be observed

e The Z.(3985) can be explained as a threshold effect from the

coupled-channel interaction

e There can be also another cusp corresponding to the D:ﬁ*
interaction with J/¢¥K*, and we suggest to look around 4120 MeV
in the data of the B decays
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