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INTRODUCTION

« @(2170): observed by different collaborations (2006-2020) in processes like
ete™ - KTK 2tz O iy - nK*K ntn~,ete™ — ¢y’ (PDG: M = 2160 =+ 80 MeV,
['=125 % 65 MeV)

» Different theoretical models trying to explain its nature and properties:

s§s (=L, = 3°S,) = I' ~ 300 MeV

— 3 _ _ _ _ _ _
s5(2°D,) = FK*(892)K*(892)’ F1<>x<(1410)1< > FK(146O)K9 I K, (1400)K> Iﬁ1<1(1270)1< BESIII collaboration (Phys.
Rev. Lett. 124, 112001 (2020):

i — _ . K™(1460)K~, K;"(1400)K ",

selection rule). Not supported by Lattice QCD and QCD Gaussian | K "(892)K ~(892)

sum rules.

Tetraquark = Difficulties in obtaining a compatible mass

1) Aubert et al., Phys. Rev. D74,091103(2006); Phys. Rev. D76, 012008(2007); 2) Ablikim et al., Phys. Rev. Lett, 100, 102003 (2008), Phys. Rev.
D102, 012008 (2020); 3) Barnes et al., Phys. Rev. D68, 054014 (2003); 4) Ding and Yan, Phys. Lett. B657, 49(2007); Phys. Lett.B650, 390(2007); 5)
Wang, Nucl. Phys. A791, 106(2007); 6) Dudek, Phys. Rev. D84, 074023 (2011);7) Ho et al., Phys. Rev. D100, 034012 (2019).



INTRODUCTION

« 9(2170): observed by different collaborations (2006-2020) in processes like
ete™ - KTK 72tz Jhy - nKYK ntn~,ete™ — ¢n’ (PDG:
M =2160x80 MeV, I = 125 = 65 MeV)

—> Observed in the ¢f,(930) invariant mass distribution
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INTRODUCTION

» We have determined the decay width of ¢»(2170) to kaonic resonances:
K*(1460)K~, K;}(1400)K~, K:F(1270)K~, K *(892)K ~(892).

K(1460) K,(1270) & K,(1400)

nK*(892), oK, pK — K,(1270), two poles
z; = 1195 — 1123 MeV

7, = 1284 — i73 MeV

Mixing scheme = K, K belonging to the
nonet of axials (mixing angles 29° — 62°)

Phenomenological approach = Use of the data available in

the PDG on their radiative
decays

13) Brenda B. Malabarba, Xiu-Lei Ren, K. P. Khemchandani, A. Martinez Torres, Phys. Rev. D103, 016018 (2021); 14) A. Martinez Torres, D. Jido, Y. Kanada-En’yo;
15) Albaladejo, Oller, Roca, Phys. Rev. D82, 094019 (2010); 16) Shinmura, Hara, Yamada, JPS COnf. Proc, 26, 023003 (2019); 17) Filikhin, Kezerashvili, Suslov, et al.,
Phys. Rev. D102, 094027 (2020);18) Zhang, Hanhart, Meissner, Ju-Jun, arxiv: 2107.03168 [hep-ph]; 19) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003);



THE MODEL From & pp = — igV¥[0,®, @],

V# = Matrix vector meson octet fields
® = Matrix pseudoscalar meson octet fieldsthr—>q§K+ — gKfr—>gbK€K1+ "€

e [riangular loops:

yd 1) K,(1270) as a
¢ Kil- (k) molecular state.
(k+q) 2) K,(1270) & K,(1400)
as a mixture of
Kig, Kyp-
¢R (P ) 3) Phenomenological
approach.

(P—k—qX K (p) 7 (P)

K® /p° o, ¢

@(2170) as a s—wave

H1,(980) state: K(1460) couples to Kf,(980)/Ka,(980) NG
P ., . ¢ in s—wave: f0(980) as a s—wave KK, nr state:
br = Sdr—dfiSr " € - B

Pr gKieF_’KJrfo l}‘O—>K+K— — gfo—>K+K—

20) Brenda B. Malabarba, Xiu-Lei Ren, K. P. Khemchandani, A. Martinez Torres, Phys. Rev. D103, 016018 (2021)



RESULTS

« BESIII collaboration: ¢(2170) = K*(892)K*(892) is suppressed

K =(892)
¢ —
o
Jo
K*K% K *(892)

K (892)



RESULTS

$(2170) — K-

(1460)K~

Form factor Decay width

Heaviside-©
Monopole

Exponential

1.5 =

1.3 =

1.3 =

$(2170) — K(1400)K

Form factor

Decay width

Model B Model C
Heavise-0 2.6 0.5 15+4
Monopole 1.94+04 11+£3
Exponential 2.1+04 12 4+ 3

Larger Mass
coupling closer to
to K™ 1270 MeV
$(2170) — KF(1270)K"
Form factor Decay width
Model A Model B Model C
Poles z1, z9  Pole z; Pole z- Solution S7 Solution So Solution Ss
Heaviside-© 1.5+£0.3 0.0 =0.1 0.22 +0.04 0.12 +0.04 1.6 04 17+ 3 41 +9
Monopole 0.8+0.2 0.3+0.1 0.124+£0.02 0.07+0.02 0.9+0.2 9+ 2 23 £ 5
Exponential 1.0+0.2 0.4 +0.1 0.15 +=0.03 0.09 £+ 0.02 1.1 +0.3 11 +=2 2806
Sizeable

/ contributions

Model A: Molecular model for K;(1270)
Model B: Mixing angle
Model C: Phenomenological (radiative decays)



RESULTS

+ BESIII collaboration: JBrT¢ ¢

9Br = Branching fraction ¢(2170) - RK™

F?e_z Partial decay width of #(2170) — e™e™

5 Lonorr oo rlor — KT(1460) K~
1 = = ot
F¢R—>K1+(1400)K— e ﬁﬂi‘@@@%}( I ° =3.0+38,
, . _ 4.7 £+ 3.3, Solution 1
_ Donorracnyx— _ Brignjer B HISOHE |0, = ,
ba = T — 08.8 £ 7.8, Solution 2
F¢R—>K1+(1270)K— rior — K{ (1270) K~ o
L e 7.6 £ 3.7, Solution 1
- F¢R—>K1+(1270)K— T@@L@%‘R’ﬁiQmW&K_ II'z© = . )
B3 = s — 152.6 £ 14.2, Solution 2
F¢R—>K1+(1400)K— TWR — K (——4OO)K _




RESULTS

+ BESIII collaboration: BT, ¢

9Br = Branching fraction ¢(2170) - RK™

F?e_z Partial decay width of #(2170) — e™e™

br — K(1460) K~

or — K (1400) K~

dr — K(1460) K~

or — K (1270)K—

or — K (1270) K~

B — Lgporx+@as0) k-  Br|
| = —

F¢R—>K1+(1400)K— Br|

- lgpsrtaesor-  Br|
By = =

F¢R—>Kf(127O)K— Br|

B F¢R—>K1+(1270)K— Br|
By = =

F¢R—>K1+(1400)K— B Brior — Ki(MOO)K—:

0.64 £+ 0.92, Solution 1,
0.03 £ 0.04, Solution 2,

exp __
By =

Rep _ 0.40 £ 0.54, Solution 1,
2 0.02 £+ 0.03, Solution 2,

1.62 £ 1.38, Solution 1,
1.55 £ 0.19, Solution 2.




RESULTS B 33

Model B 0.04 £ 0.01

MOdel B 0.62 = 0.20

n : 0.09 4+ 0.02 (Solution Sy)
oxp 0.64 £ 0.92, Solution 1, Model C 0.11 + 0.04
B1 — Model C 0.96 + 0.16 (Solution So)

0.03 £ 0.04, Solution 2,

2.40 £+ 0.40 (SOhltiOIl Sg)

. 0.40 £ 0.54, Solution 1, B;
BQXP —
0.02 £ 0.03, Solution 2, 1.3+04 (Poles 21, 22)
Model A 3.6 +1.2 (Pole z;)
e 1.62 £ 1.38, Solution 1, 8.8+£2.8 (Pole 2)
3 . del !
1.55 4+ 0.19, Solution 2. viodel B 1670
1.24+04 (SOlU.tiOIl Sl)
B F¢R_>K+(146O)K_ B F¢R—>K+(146O)K_ Model C 0.12 £+ 0.04 (SOhltiOIl SQ)
L= 2~ T 10N
F¢R—>Kl+(14OO)K— rgbR—>K1+(1270)K— 0.05 £ 0.02 (Solution S3)
r Model A: Molecular model for K;(1270)
dr— K+(1270)K- .
B; = Model B: Mixing scheme

L ek 1200)%- Model C: Phenomenological (radiative decays)



RESULTS K*

PDG

&
Afl o
-~ .
particledata grovp. BN &N

More details in the talk of Brenda B. Malabarba, Thursday 12:40
(Exotic hadrons and candidates)

. K*(1680) 1/2(17)
. K>(1770) 1/2(27)

.« K3(1780) 1/2(37)

. K>(1820) 1/2(27)

— — K(1830) 1/2(07)

D (D*) D* (D) K3(1950) 12(0%)
. K3(1980) 1/2(27)

. K3(2045) 1/2(47)

K»(2250) 1/2(27)

K3(2320) 1/2(3%)

K?%(2380) 1/2(57)

K4(2500) 1/2(47)

K(3100) 7(77)

X
(3872)/20(3900) We find a narrow K*(4307)

21) Xiu-Lei Ren, Brenda B. Malabarba, Li-Sheng Geng, K. P. Khemchandani, A. Martinez Torres, Phys. Lett. B785, 112-117 (2018); Xiu-Lei Ren,
K. P. Khemchandani, A. Martinez Torres, JHEP 05, 103 (2019) and Phys. Rev. D102, 016005 (2020).



RESULTS K*

Jly +
(P — q) z (P Jhy(py)
B+( P) Zc_ (3900)
. (P —q— p2) ﬂ'—(pj;)
K™(q) Z-(3900)
K9(4307)
(P —p,) K*(p,)

21) Xiu-Lei Ren, Brenda B. Malabarba, Li-Sheng Geng, K. P. Khemchandani, A. Martinez Torres, Phys. Lett. B785, 112-117 (2018); Xiu-Lei Ren,
K. P. Khemchandani, A. Martinez Torres, JHEP 05, 103 (2019) and Phys. Rev. D102, 016005 (2020).
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21) Xiu-Lei Ren, Brenda B. Malabarba, Li-Sheng Geng, K. P. Khemchandani, A. Martinez Torres, Phys. Lett. B785, 112-117 (2018); Xiu-Lei Ren,
K. P. Khemchandani, A. Martinez Torres, JHEP 05, 103 (2019) and Phys. Rev. D102, 016005 (2020).



CONCLUSIONS

« $(2170) as a ¢fy(980) state:
- Explains its suppressed decay to K * (892)K*(892).
- K(1460) as a state which couples to Kf,, K;(1400) mixing angle scheme/

F¢R—>K+(146O)K—

phenomenological approach: compatible results for B; = .
I~ k(12000 K-

- K,(12770) as state related to two poles arising from PV dynamics/

phenomenological approach for K;(1270) & K;(1400). Compatible results for

L4 — k+(1460)k-
B, = = . The mixing scheme considered for K;(1270) & K,(1400) is not compatible.
dr—K+(1270)K-
o gekrazior- o g |
- The ratio By = T is compatible with the mixing scheme/phenomenological approach.
dr—K(1400)K -

« K* resonance with hidden charm is predicted around 4307 MeV (also found by Ma, Wang, Meissner in Chin. Phys. C43,
014102 (2019) and by Tian-Wei Wu, Ming-Zhu Liu, Li-Sheng Geng in Phys. Rev. D103,3 (2021))



BACKUP SLIDES: SOME MORE DETAILS OF THE MODEL

. Triangular loops: K,(1270) & K,(1400) as mixed states: K, 4, K5

- Tensor meson formalism for the vector mesons (rank 2)
- Couplings of K,(1270) & K,;(1400) to ¢K are obtained

‘g ‘2 MK1‘|_CLFK1
p — K oeke g, 20
FKfF—MbKJF - o N / dMKl(QMKl)M?( [1 4+ gﬁz}
1
MKl CLFKl
1 ) ~ R ~
X Im | — O(Mp — My — M )0( Mg — M, — My
_M12<1 o MI2(1 + iMKHKl_ ( = ¢ K) ( K1 K (892))

MKl —I—CLFKl

2
Vit _ toonel ] / dM e, (2Mp, ) — 1 2
— K K+ — |
tK+—>¢K+ — gK+—>¢K€K+ y €¢ | ¢ 2 N 1 1 MKl M2
1 1 | Mae Zare, _
1 ~ ~
X Im | — O(Mp. — My — M )O( My, — M, — My
_M12<1 - M[2(1 T iMKHKl_ ( = b K) ( K K (892))

18) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003)



BACKUP SLIDES: SOME MORE DETAILS OF THE MODEL

. Triangular loops: Phenomenological approach for K;(1270) & K;(1400):

- Available data on the radiative decays
- Vector meson dominance: Couplings of

K,(1270) & K;(1400) to ¢ K are obtained

/ (P) We use the tensor formalism for
vector mesons: Tree level term Is
gauge invariant

K (k)
T T T
7 . 2eFy [9K9—>p0K0 IR WK \/§9K9—>¢K0}
Kk Mo L M2, 3M2 3M?

18) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003)
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/ (p) We use the tensor formalism for
vector mesons: Tree level term Is
gauge invariant

Fixed to reproduce the experimental
data on the decay width

"% \\
\

T/ T\ T
IKIp0 KO IKIswKO 9K9—>¢K0
2 | "
Mpo

We get the coupling in the Tensor

We use the experimental data .
formalism

18) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003)



BACKUP SLIDES: SOME MORE DETAILS OF THE MODEL

. Triangular loops: Phenomenological approach for K;(1270) & K;(1400):

- Available data on the radiative decays
- Vector meson dominance: Couplings of

(k f q) Kf (k) K,(1270) & K;(1400) to ¢ K are obtained

/ (p) We use the tensor formalism for
vector mesons: Tree level term Is
gauge invariant

Fixed to reproduce the experimental
data on the decay width

"% \\
\

(P—k—¢q) K (p)

T/ T\ T
IKIp0 KO IKIswKO 9K9—>¢K0
2 | "
Mpo

T . -
Iy _ sk ~ 1 k,—px: We can determine

‘ gK1—>q§K ‘

We get the coupling in the Tensor

We use the experimental data .
formalism

18) Palomar, Roca, Oset, Vacas, Nucl. Phys. A729, 743 (2003)



BACKUP SLIDES: SOME MORE DETAILS OF THE MODEL

. Triangular loops: Phenomenological approach for K;(1270) & K;(1400):

+
(k f q) Kl (k) 3967 &+ 419 MeV, Solution 51,
\gK1+(1270)_>¢K+| = 12577 £ 763 MeV, Solution So,
¢ (P) K~ (q) 19841 4+ 1177 MeV, Solution Ss.
R

(P—k—¢q) K (p)

95+ (1400) sorc+ | = 8480 £ 1333 MeV

No direct measurement of K; — Ky



