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VP INTERACTION IN THE LOCAL HIDDEN GAUGE APPROACH Bando et al Phys Rep. 164

v v Bogrg = ig((VH(?,,V” _ apvﬂvy)vu) Neglecting the k/My
e,(k) = (0, 1,0, 0)
4 g — Mv/zf (MV ~ 800 MeV, f =93 MeV) e2(k) = (0,0, 1, 0)
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L = I ([V ) Vﬂ][P 3!/]3]) Chiral Lagrangian of M. C. Birse, Z. Phys. A 355, 231 (1996)
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New interpretation for the Ds2*(2573) and the prediction of novel exotic charmed mesons
R. Molina, T. Branz, E. Oset, PHYSICAL REVIEW D 82, 014010 (2010)

State predicted of D* K*bar nature. This contains ¢ s quarks and is exotic

The local hidden gauge for VV interaction has an extra contact term

Ly =585V, V,IVEVY)
Spin projection operators
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TABLE XI. Amplitudes for C=1,5= —1and I = 0.
J Amplitude Contact V exchange ~Total
D*K* — D*K* 4g> = gz(p‘h;;‘%;(pﬁm) -+ %gz(ml_i = m%)(]?l + p3).(p2 + pa) —9.9g2
1 D*K* — D*K* 0 gz(”l*l}j;%f;ﬁf’ﬁ) +38°Gr = )Py + p3)(p2 + pa) —10.2¢°
2 D*K* — D*K* —2g? — gz(p‘ﬂ;;%;(pﬁm) + %gz(ml_%o - m%)(l?l + p3)-(p2 + pa) —15.9¢*
TABLE XII. Amplitudes for C=1,5S= —1and I = 1.
J Amplitude Contact V exchange ~Total
D*K* — D*K* —4g? gz(p‘ﬁ;f%;(pﬁm) + g—;(m% - mL%)(Pl + p3)-(p2 + pa) 9.7¢g*
1 D*K* — D*K* 0 - gQ(pl“;%f”*”“ + S G+ (P + pa)(pa + p) 9.9¢
2 D*R*— D"K* 2¢” Eouep)rt) 4 £ (P + p3).(p2 + pa) 15.7g2

*
DS

T=0-VvG)'v

G Is regularized either with a cutoff in the three momentum or dimensional regularization,
with gmax, or a subtraction constant q.
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Decay terms, added to V and iterated in the Bethe Salpeter equation.
Through its imaginary part they provide the decay to DKbar
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TABLE VI. C=1; S= —1; 1 =0. Mass and width for the
states with J/ = 0 and 2.

1J*] pole (MeV) Model T (MeV)
0[0*] 2848 A, A = 1400 MeV 23

A, A = 1500 MeV 30

B, A = 1000 MeV 25

B, A = 1200 MeV 59
O[1%] 2839 Convolution 3
0[27%] 2733 A, A = 1400 MeV 11

A, A = 1500 MeV 14

B, A = 1000 MeV 22

B, A = 1200 MeV 36

R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 125, 242001 (2020)
R. Aaijj et al. (LHCb Collaboration), Phys. Rev. D 102, 112003 (2020)

X0(2866) : M =2866+7 and ['=57.24+12.9MeV, Decaying to DKbar

X1(2900): M =2904+5 and I'=1103+11.5Mev |Ne€ state predicted corresponds
5 to the Xo(2866)



Revision to the light of experimental results R. Molina, E. O. Phys.Lett.B 811 (2020) 135870

D* D*
D
Decay mode I

D (pl) (ps) K
D) K* K~
iG’
m | L=—€"YP(§,V,8,VgP)
R 92
K . i ng . L vap ~
with G' = 7551 8’ = — =8, Gv 55 MeV,
K*(p2) K*(p4) . .
Jmax IS Cchosen to fit the exact mass
A\ to get the precise width of X,
1% M[MeV] '[MeV] Coupled channels state
0(2%) 2775 38 D*K* ?
0E1°5) 2861 2D e ? No D Kbar decay
0(0") 2866 57 i Xo(2866)

No D* Kbar decay



The B — D**D*'K~ reaction to detect the / = 0, J” = 17 partner of the X(2866)
L.R. Dai, R. Molina, E. O, Phys.Lett.B 832 (2022) 137219

Looking for the exotic X(2866) and its J© = 1T partner in the

BY s D&+ K- K®0 peactions
Phys.Rev.D 105 (2022) 9, 096022
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Method to observe the ¥ = 2% partner of the X¢(2866) in the

B+ —> DD~ K™ reaction
eactio M. Bayar, E. Oset, PLB 833, 137364 (2022)
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PHYS. REV. D 102, 112003 (2020) LHCb
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Conclusions

--The X0(2900) as a D* K*bar molecule implies the existence of two partner states
with JP= 1%, 2+,

--We propose to see the 1* state with two reactions
B —» D** DK~ BY _ D+ K~ ()0

Looking in both cases to the D** K- invariant mass. Estimates of signal to background
indicate that the reactions are feasible, and the signals are sizable.

-- The 2* state might have been seen already in the moments of the DK* mass
distribution. But to confirm it, a reanalysis must be done with Run 3 data.



In
R. Molina, T. Branz, E. Oset, PHYSICAL REVIEW D 82, 014010 (2010)

Predictions were done for a 1* D* D* state

TABLEIV. C=2; §=0; I =0. Quantum numbers, pole

positions, and couplings g; in units of MeV. Here a« = —1.4.
I[JP] \/Epole (MeV) 8D*D*
O[17%] 3969 16 825

The interaction for D*D is the same since the contact term is zero for 1+

Thus, we predict a D*D bound state with mass with 141 MeV less , 3828 MeV. This
overcounts the binding because D*D* are identical particles, Bose enhancement, and
D* D are not, but we should expect a D*D bound state in 1+

This state was found as the Tcc of the LHCDb collaboration "



The Tcc discovery by the LHCb collaboration
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A. Feijoo, W.H. Liang, Eulogio Oset, Phys.Rev.D 104 (2021) 11, 114015

*+ *+ 0
P D D P3 =

J/ 4
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Lypp = —ig([P,0,P|V*"),
JCVVV =g ((Vua,uvv - aquVu)V#>1

M
g= 2—}’ (My = 800 MeV, f = 93 MeV).
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D*t DY D*0 D the 1, 2 channels, the interaction that we

obtain is

Vij = Cz‘j92 (p1 +p3) - (p2 -i-m)é"'-é"'

5 1 . .
- Cij g° §[3€ — (M2 4+m2+ M"? +m"?)

1

——(M? —m?)(M"? —m?))e- &,
S
P1 D™ 4 i
J/Y
P2
DU Dll
(a)
|D*D, I =0) = —i(D*+D0 Y | i

V2

1
D*D.I=1,I3=0)= ——(D**D° + D**D™),
| . , I3 = 0) \/5( )

12

1 1
J”J/r. ;-?: —1
Cij = 1 1 T=[1-VG]| YV,
mZ  M?
P J/
* * *T *()
o D*0 D0 D D
J/ v
P4
DT DT Dli & ks
(b) (c)
1 | 1 1
Coo = ——t K1 = —oy T =0
12 2 T2 R 01 3
Al-f/w m; AIJ/w m;,

There is attraction in 1=0, repulsion in I=1, but due
to different masses there is a bit of isospin breaking



Convolution of the G function: ~ Spectral function Im[D(sy)] = Im( 1 )
Origin of the width. Mass distribution AT sy — M2 +iM, Ty,
(My+2T'y)?
| dsy G(Vs, \/sv,my) x Im[D(sv)]
(ﬂfvaIjv)?
G(\/ga Mka mk) = (My +2Ty )2
[ dsyIm[D(sy)]
(My—2T'y)?
(27)* Ei(q) k° + p° — ¢° — Ei(q) + i€

2
T pe+ (Minv) = [(D™) (mD) |

2
Miny I'peo(Miny) = I'(D*0) (mD'°) :
3 ’ 3 My
g Pr +1 Px 3
3 \ Pr,on SR A [0.647 (pp z ) +0.353}

where p. is the 77 momentum in D** — D%t deca g
e = D** - D°7°  D*0 - DYy

pL.p. ., are the same magnitudes for D** — D¥70,
12
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Prediction of new 7., states of D*"D* and D;D* molecular nature

L. R. Dai,%%* R. Molina,2 " and E. Oset®} 2110.15270

V V’ l/ = o V
¥ ]./'I
! % v '
(a) (b) TABLE XVI. Amplitudes for C=2, § =0, and I = 0.
Amplitude Contact V exchange ~Total
0 D*D* — D*D* 0 0 0
1 IFIr— I 0 _.l;gz(mi% 3 t = %){(Pl + pa).(p2 + p3) + (p1 + p3).(p2 + pa)} —25.4g>
2 D'D" — D*D” 0 0 0
TABLE XVII. Amplitudes for C=2,S=0,and I = 1.
J Amplitude Contact V exchange ~Total
0 D'D* = D°D’ —4g° 187+ L+ -L){(p + pa).(p2 + p3) + (p1 + p3).(p2 + pa)} 24.3g°
1w w G
1 D*D* — D*D* 0 0 0
2 D*D* — D*D* 2g? igz(mf— + ﬁr + ﬁf){(pl + pa)-(p2 + p3) + (p1 + p3).(p2 + psa)} 30.3g>
[ o P
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TABLE XVIII. Amplitudes for C=2,S = 1,and I = 1/2.

Amplitude Contact V exchange ~Total
D*D* — D'D* —4g2 gftp.+ﬁ:1upg+p3) 1 gf(pp:::m:nﬁpn 19.0g>
D*D* — D*D* 0 L SJ(P|+E£;}A[P1+P1] + gl(mi}}f;(‘p#m} —19.5g2
D*D* — D*D* 24> gzlpﬁ.::;.f;:ﬁp;} + glfmw::;;;}:_ﬁm} 25.0g>

K 192
TABLE XIX. Amplitudes for C=2, 5 =2,and I = 0.

Amplitude Contact V exchange ~Total
D;D; — D;D; —4g? ‘“—(% 22 (P1+ pa)-(p2 + p3) + (pr + p3)-(p2 + palk 15.0g>
D;D; — D:D; 0 L 0 0
DB — DrDe 2g* "%"(—;'— + 2R Py + pa)-(p2 + p3) + (py + p3)-(p2 + palk 21.0g?
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Masses and widths of the exotic molecular $B )" B$ states
L.~R.~Dai, E.~Oset, A.~Feijoo, R.~Molina, L.~Roca, A.~M.~Torres and K.~P.~Khemchandani

Phys.Rev.D 105 (2022) 7, 074017
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TABLE V. States of J© = 1T obtained from different configurations. The binding B is referred to

the closest threshold.

States M (MeV) B (MeV) r
B*B (I =0) 10583 21 14 eV
B:B— B*B; (I =3) 10681 11 45 eV
B*B* (I =0) 10630 19 8 MeV
B:B* (I =1) 10728 12 0.5 MeV
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The X (3960) seen in DI D, as the X (3930) state seen in D" D~
M. Bayar,"%* A. Feijoo,>T and E. Oset?%  2207.08490

The LHCD finds a peak in the Ds+ Ds- invariant B+ — DFD- K™ decay
mass of the reaction g =5 -

And associate it to a new state

JPC =0t . M, =3955+6+11 MeV ;: Ty=48+ 17+ 10 MeV

We argue that this is not a new state but the one already observed in D*D- at 3930 MeV



The D* D, Ds* Ds interaction together with lighter coupled channels was studied in
D. Gamermann, E. Oset, D. Strottman and M. J. Vicente Vacas, Phys. Rev. D 76 (2007),
?:?Alr—loiégigo-Duque, J. Nieves and M. P. Valderrama, Phys. Rev. D 87 (2013) no.7, 076006.
But only one bound state of D Dbar in =0 was obtained

But in QCD Lattice a state a state coupling to Ds* Ds™ was found
S. Prelovsek, S. Collins, D. Mohler, M. Padmanath and S. Piemonte, JHEP 06 (2021), 035.

It also couples to D*D- but weakly.

CAN ONE RECONCILE THESE FACTS?



D Dbar and Ds* Ds™ interaction revisited
_ 1

(DD, I =0)= —(D*D™ + D°D%); D! D;
D(D,) D) V2
”m I P3
| Vij = _Bz’jgz(pl + p3)(p2 + pa)
+ |4
| fid s d 2 1 \
P | - +—+ V2
(D) By s |2 (Mg ME M2, MZ.
1 1 1
V2 +
\ M2, M M)
1 2 2 2 2 1 2 2 2 2
(p1+p3)(p2 + pa) — 5 |35~ (m7 +mj +mg + my) — ;(m1 —m3)(m3 —my)

If we remove non diagonal term - two states appear

T=[1-VG|™'V _ _
If we keep that term - the state coupling to Ds+ Ds- disappears

Reducing by 0.7 the 1/MK? term two states appear



Fine tuning the interaction
In K* exchange one has the interaction
1/(9°>-g>-MK*?) | 9°=0, g =613 MeV at Ds* Ds" threshold

1/(9°%-g*>-MK*2)/(1/MK*?)=0.67. With this natural reduction TWO STATES APPEAR

TABLE I. Masses and widths of the poles dynamically generated by the model, as well as, the

corresponding modulus of the couplings |g;/.

M [MeV] I' [MeV] [95p| MeV] 95, .| [MeV]
Pole I 3699 - 14516 5897
Pole 11 (X(3930)) 3936 il 2858 9076




Relationship between D'D- and Ds* Ds productionin B~ — D"D™ K™ and D7D K~

The c¢ pair is hadronized

° cc— Y cqig;c — Y PyuPy=DD"+D'D +D!D; =v2DD+D!D;
T i i

Final state interaction
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DR 1 00 )

i3 S B oy
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The second pole couples both to Ds* Ds” and D*D- and produces
the peak at 3930 MeV and an enhacement at the Ds*Ds" threshold compatible with the LHCb

data. THERE IS NO NEED TO INVOKE A NEW STATE at 3955 MeV !l



Conclusions

-- We have made predictions for the interaction of D* D and found a bound state
with mass and width in agreement with the Tcc state

-- With the same regulator for the loops we study the D* D* interaction and find
a bound state with I=0 and J°= 1* , with binding and width of the order of 1 MeV,
much bigger than for the T state. It decays to D* D.

-- We also make predictions for states of B(*) B(*) type or B(*)s B(*) and find four bound
states all with JP=1*

-- We give arguments to support the idea that the X(3930) and X(3960) states are
actually the same state, showing in D* D and Ds* Ds, respectively.



Conclusions

In the recently observed states in the LHCDb, Belle, Babar, Beslll, there are many states which
qgualify as dynamically generated from the interaction of hadron components: molecular states

Many of these states were predicted before. The experiment has served to fine tune some
parameters which allow to make more refined predictions for other states not yet found.

The chiral unitary approach in the SU(3) sector has proved to be quite accurate to study the
interaction of hadrons and eventually find poles in the t-matrix that correspond to states

The local hidden gauge aproach, with the exchange of vector mesons, is equivalent to the chiral
unitary approach in SU(3). An extension of the LHGA has been done to the charm and bottom
sectors, which respects heavy quark symmetry and turns out rather accurate interpreting results
and making predictions.

More predictions have been made. We hope that they can be tested in the near future.

Attention must also be payed to hybrids of g gbar or qgg and molecular components. J. Nieves,
F. K. Guo, David Rodriguez Entem ......
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1 I
: E ® T %D“D%*E
30} o e Scheme I:  ¥*=0.79
[ : E --— Scheme II: ;f:o.m
— i —— Scheme III: 42=0.71
1 1
% : : -== D** D0 DY +thr
'g 20¢ E -\ i ------ T.)BW massE
= [ e\ Background |
o~ ! Ry |
= I i
= | :
o i
1
_ | ......::;H
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MD Do+ [GeV]

TABLE II. The pole position of the T, relative to the D** D threshold and the Riemann sheet (RS) where the
pole is located in each scheme (see the text for details). The errors are statistical propagated from fitting to the LHCb
data while the uncertainties from the cutoff variation are well within the errors quoted here.

Scheme I IT 11
Pole [keV] —368155 —i(37 £ 0) (RS-D) —33315: —i(18 £ 1) (RS-II) —356135 —i(28 = 1) (RS-II)




Unveiling the K,(1270) double-pole structure in the B — J/ypK and

B — J/wK*x decays
PHYSICAL REVIEW D 103, 116019 (2021)

J. M. Dias,* G. Toledo ,H L, Roca,2’i and E. Oset”®
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How much is the compositeness of a bound state constrained by a and r,? The role of the
interaction range

Arxiv 2201.04414
Jing Song,!:2-* L.R.Dai,»* 1 and E.Oset> !
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