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Testing the molecular nature of$(2170)
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In this talk we show our recent results on the decay widthg(@f70) to final states formed by an anti-Kaon and a Kaonic resonance, in
particular,K (1460), K1 (1270) and K (1400), considering a molecular description #6§2170). Branching fraction ratios are obtained and
compared with the recent results found by the BESIII collaboration, finding compatible results.
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The properties ofp(2170) have been studied by differ- 1123 MeV andz, = 1284 —i73 MeV. However, no de-
ent collaborations in the last 14 years since its discovery scription for K7 (1400) is obtained within this model.
in processes liketew — KtK-atOz=O) j/ip —

nK+K—ntr~, ete” — ¢, with its mass and width given e Model B: K;(1270) and K;(1400) are considered as

by M = 2160 + 80 MeV andT’ = 125 + 65 MeV, re- states arising from mixing of<; 4 and K5 belong-
spectively [1-4]. During this time, different quark models ing to the axial nonet, where mixing angles between
have been formulated to understand the nature and proper- 29 — 62° seem to be compatible with the experimental
ties of this state, considering(2170) to be an®s*'L; = data on their decays [17].

335, s5 system, a23D, s3 system, assg hybrid system,
or a tetraquark [5-7]. However such descriptions have ; o
difficulties in either finding a compatible mass and width where the data available on the radiative .decays. of
for the state or in finding decay widths for channels like K1(12.70) and K(1400) are used to det(_armlne th_e|r
K*(892)K*(892), K*(1410)K, K(1460)K, K;(1400)K couplings to the meson-meson channels involved in the
and K;(1270) K compatible with the recent results of the decay of(2170).
BESIII collaboration [8].

One of the interesting facts related#®170) is its large
coupling to ak T K7+ 7=(©) final state wherek + K~

e Model C: We adopt a phenomenological approach,

In all the preceding modelg;;(980) is considered to be
generated from thé& K andzm dynamics in isospin 0 [18].
1 (0) o (0) Consideringy(2170) to be a moleculat f(980) state, its
comes from the decay op and 7%z~ from the de-  gecay toX K proceeds through triangular loops (see Fig. 1),
cay of fo(930) [1,2]. Indeed, the study of the K K sys-  jnyolving in this way three vertices: (1) Firs(2170) decays
tem and coupled channels performed in Ref. [9] Showe%qbandfo(%o),then alC+ (K ) is exchanged between the
the formation of ap meson with mass and width compati- ¢ and thef,(980), producing in this way &0k (K~) —
ble with those ofp(2170) when the K K system generates K*(1460)(K~) vertex and ap — K~ K+ (K K~) ver-
f0(980). Within such a description, the cross section fortex, respectively. Since the vertice$2170) — ¢ f,(980),
theete™ — ¢f0(980) process was reproduced [9, 10]. It folKt — K*(1460), ¢ — K K~ all involve s-wave inter-

would be then interesting to know the prediction for the de-5ions. we can describe them through the amplitudes
cay widths of(2170) to a KK system, wherék denotes '

a Kaonic resonance, within the above mentioned molecular tor = 9bpr—dfo€or " €5

nature forg(2170).

To do this, we require a theoretical description for tKp T Ikt —K+fo
K1(1270), K4(1400) and K (1460) too. In case of{ (1460) _
we consider it to be generated from the interactioddf K Ljom K K= = 9o KHK

and coupled channels when one of i< pairs generates

f0(980) [11-14]. ForK(1270) and K (1400) we have used

different approaches: whereg;_, ; represents the coupling for the procéss j and

o Model A: K;(1270) is considered to be a state gen- €k is thefcorresp(_)nding polarization vectorfor particleThe
erated from the pseudoscalar-vector interaction [15¢ — KK vertex s described by the Lagrangian [20]

16]. In this case, a two pole structure is found for
K1(1270), with the poleszy = M —iI'/2 = 1195 —

th_>¢K+ = Ik —or K Co (1)

LVVP = —ig<V‘u[P, BMP]>, (2)



2 A. MARTINEZ TORRES, B. B. MALABARBA, X.-L. REN, AND K. P. KHEMCHANDANI
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FIGURE 1. Triangular loops involved in the proceg$2170) — KK. The symbolspr, Kr and K; have been used to denat¢2170),
K (1460) and eitherK; (1270) or K1(1400), respectively. The four-momenta of the particles are written in brackets.

TABLE |. Couplings (in MeV) used for the different vertices involved in Fig. 1.

Model A Model B Model C
21 22 Sy Sa Ss
K (1270) — oK™t 2096 — 41208 1166 — 4774 1104+ 171 3967 £419 12577 £763 19841 + 1177
K (1400) — oK™t - 3533 4+ 21 8480 4 1333
K (1460) — K™ £5(980) 4858 + 1337
¢(2170) — ¢ £0(980) 3123 4 561

with V# and P being matrices having as elements the vec-particles in the initial state] d2 represents the solid angle in-

tor and pseudoscalar meson octet fields, respectiyely,  tegration and;_, ; is the amplitude for each of the processes

My /(2fz), My ~ M, fr ~ 93 MeV, and( ) indicating  depicted in Fig. 1.

the SU(3) trace. Considering the Feynman rules, and summing over the
In case of modelsd and B, the couplings involved in  polarizations of the internal vector mesons, we can obtain

Eqg. (1) are obtained from the theoretical models which de-the amplitudet;_.;. In case of the process(2170) —

scribe ¢(2170), K (1460), fo(980) and K;(1270) in terms KT (1460)K ~, we get

of hadron dynamics. In case of modg| the K; — ¢K

: _ 5
coupling is obtained from the radiative decay widthZof ~ st = om0 99K gt o on (P)
to yK° [19]. The latter decay width is calculated consider- 12 12
ing the vector meson dominance mechanism, wheceu- X lkﬂ (1 ) 10— 1® (1 + MQ>
ples top?, w and ¢, having in this way a two step process: 4
K) — p°K°® + wK? + ¢ K — yK°. The problem within k: I(g)
this latter approach is that we can only calculate the modulus - 1(2) + -5 (4)
of the coupling ofK; — ¢K, and the uncertainties in the M¢ M
available data allow different scenarios for this coupling inwhere
case off(; (1270) as summarized in Table I. dq 1:q,: quq; ¢
Using the couplings listed in Table | and the amplitudes I(O)§I( ) Iﬁ)’]( )= / (27:)]4 ’qw%q ! O

in Eq. (1), we can determine the amplitudes for the pro-
cesses depicted in Fig. 1 and calculate the corresponding R
cay widths. Indeed, the decay width for the processes shown D = [(k + ¢)* — qu + ie]

in Fig. 1 can be obtained as
g < [(P—k—q)* — M2 +id[¢* — MZ +ie. ()

‘pz mi + —
I, — /dQ P Z\tHﬂQ (3)  Similarly, for(2170) — K K",
321 M (2170) “pol ;
P *Zt(pRHKl*Kf = Yor—ofoIK} oK+
where |5,°Y| is the center-of-mass momentum of the parti- X fy K+ K- e’qu(P)e;q(k)
cles in the final state for the process— j, the symbol$_ ©
pol k 1 v
indicates sum over the polarizations of the particles in the ini- X | = gu I + =510 4 = (7)
M M
tial and final states, and average over the polarizations of the @
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whereK" represents eithdk’;" (1270) or K (1400). We re-
fer the reader to Ref. [10] for the details related to the calcula-,g e |1 Partial decay width (in MeV) of¢(2170)
tion of the integrals in Eq5). Here, we would simply like to K*(1460) K ~ with different form factors.

state that we are considering an approach in wiici70),

—

K (1460), fo(980) and K;(1270) are states generated from Form factor Decay width

hadron dynamics. Thus, a form factor should be associated Heaviside© 1.5+0.5

with each of the three vertices involved in the diagrams in Monopole 1.3+0.4

Eig. %) In this way, when regularizing th#q integration in Exponential 13405
g. &

1
3
d|q‘1\q‘12 /dcoggn Fi(|gF|, As), (8) TABLE II. Partial_ de_cay Wid.'[h (in MeV) of¢(2170) —
i1 K (1400) K~ considering the different form factors and the mod-
els B and C to describe the propertiesfof(1400).

/d?’q — (2)

-1

where# is the angle between the vectorsand k. The in-

. . ; . Form factor Decay width
dex: = 1, 2, 3 in Eq. (8), for a given decay process (see
Fig. 1), indicates the three vertices involved in the decay Model B Model C
mechanism of)(2170), |¢;*| represents the modulus of the Heavise© 26+£05 1544
center-of-mass momentum related to the veitémote that Monopole 1.9+04 11+3
¢ andg™ in Eq. (8) are related through a Lorentz boost) and Exponential 21 +04 1243

A; are as defined in Refs. [9,11, 16, 18]y, 7, ~ 2000
MeV, Ag,—kf ~ 1400 MeV, Ay i ~ 1000 MeV,
Ayt (1270)—gxc+ ~ 750 MeV). In Eq. B), F; is a function
representing the form factor considered for the veitein
case of regularizing theéq integral with a sharp cut-off, a
Heaviside©-function,i.e,

However, if we obtain the<;"(1400) — ¢K+ coupling
considering model C, which uses the data from Ref. [19], the
result found for this decay width is 8 — 19 MeV. Such
a value represents a sizable contribution of the full width
of ¢(2170). However, it should be mentioned that the re-
Fy =0(|g"| — M), (9)  sults on the radiative decays in Ref. [19], and, consequently,
the decay width of(2170) — K (1400)K ~ found within
model C, may need to be taken with caution. This is because
the experimental data on the radiative decayigf (1270)
and K (1400) are obtained, through the Primakoff effect,
by assuming them as mixture of states belonging to the ax-
ial nonets. Within model A, wher&’; (1270) is generated

- ‘Qf\f from meson-meson interactions [15, 16], the sfaig1400)
Fp=e =4, (11)  was not found to arise from such dynamics, thus, we cannot
are also typically used as form factors for the vertices. The&alculate the decay width f(2170) — K7 (1400) K.
value ofA; (~ A;) is chosen in such a way that the areaunder  In case of the process(2170) — K (1270)K~, we
the curve ofF? as a function of the modulus of the momen- find that the decay width (see Table IV) depends on the
tum is the same, independently of the form factor used [21].model used to calculate the couplingléf (1270) — ¢K+:

With all these ingredients, we can now determine the dewithin model A, whereK " (1270) is considered as a vector-
cay widths of(2170) — K+ (1460)K~, K; (1400)K~ pseudoscalar molecular state with a double pole structure,
and K;F(1270)K—. The results obtained are given in Ta- the decay width obtained is around— 2 MeV when tak-
bles 1I-1V, respectively. As can be seen, consideration ofing into account the superposition of the two poles. As can
different form factors produces compatible results, thuspe seen in Table IV, the superposition of the two poles pro-
the results are basically independent of the regularizatioduces non-negligible effects. Note that the mass related to
procedure. In case of the decay width ¢f2170) —  the polez; is closer to the value determined from the fit

is used. A monopole forni.e.,
__ A
or an exponential dependence of the type

F, (10)

K™T(1460)K~ (see Table 1) we find a value arouid8 — to the experimental data in Ref. [8], however, the process
2.0 MeV. K{(1270) — 7K*(892) is considered in Ref. [8], where
In case of the proces®(2170) — K, (1400)K~ the final state couples rather more strongly to the pgle

(see Table Ill), the result found for the decay width de-Thus, when comparing our results with the experimental in-

pends on the model considered to calculate the couplinfprmation, it might be more meaningful to consider the decay

of K;(1400) — ¢K*: within model B, which relates widths obtained from the superposition of the two poles. In

K,(1400) and K;(1270) through a mixing angle, the de- any case, if the double pole natureff(1270) is confirmed,

cay width obtained for(2170) — K, (1400)K ~ is around  the experimental results in Ref. [8] on the related process may
1.5 — 3.1 MeV. require an update.

Supl. Rev. Mex. Fis3 0308071



4 A. MARTINEZ TORRES, B. B. MALABARBA, X.-L. REN, AND K. P. KHEMCHANDANI

TABLE IV. Partial decay width (in MeV) o$(2170) — K (1270)K~ by considering different form factors and the models A, B, C to
describe the properties &f; (1270).

Form factor Decay width
Model A Model B Model C
Poleszy, 22 Polez; Polez; SolutionS; SolutionS,  SolutionS3
Heaviside© 1.5£0.3 0.6 £0.1 0.22 £0.04 0.12 £ 0.04 1.6 £0.4 17+3 41+9
Monopole 0.84+0.2 0.3£+0.1 0.12 £ 0.02 0.07 £ 0.02 0.9+0.2 942 23+5
Exponential 1.0£0.2 04+£0.1 0.15£0.03 0.09 £ 0.02 1.1+£0.3 11+£2 28 + 6

Next, considering the mixing scheme of model B, and compare with our results. Note that although the above
the results obtained for the decay width ©f2170) — ratios do not depend on the couplipg,—4f,, the particu-
K (1270) K~ are similar to those found with model A for lar values found for them are related to the nature, not only
the polez,. Such a result could be in line with the fact of ¢(2170), but also to the one ok (1460), K, (1270) and
that the mass of<;(1270) in model B is very similar to K, (1400), through the triangular loop mechanisms depicted
the mass value associated with the pelein model A. In  in Fig. 1 and the other vertices involved, which appear as a
case of the model C, where the experimental data availeonsequence of considerigg2170) as a¢ f,(980) state.
able in Ref. [19] are being used to estimate the couplings of |n Ref. [8], the values (in eV) for the producﬁyrge*
K (1270) andK" (1400) to thegp K+ channel, two different  are
scenarios for the decay width ¢f2170) — K (1270) K~

are found. In one of them (solutio§,), the results are Brigr — K+(1460)K‘]F§;@7 =3.0£38,
compatible with those obtained in the model A. In the sec-
ond scenario (solutionS, or S3), a larger decay width for Brigr — Kf(1400)K‘]F§;e*
#(2170) — K; (1270) K ~ is obtained, which would consti- :
tute a sizable part of the total width ¢£2170). = { 948.78137.38: SS?)llulﬂ?onnlz ,
After determining the decay widths af(2170) — ’ =
K~K*, with K = K(1460), K;(1400), K;(1270), we can Brlpr — Kfr(mm)Kf]Fge—
compare with the experimental results of Ref. [8]. Note, how-
ever, that in the latter reference, the partial decay widths of _ { 7.6 £3.7, Solution 1 (15)
#(2170) — K~K* were not measured. Instead, the prod- 152.6 & 14.2, Solution 2 -

uctsBrl“ﬁgef, with l“gef being the partial decay width of . . _ _
$(2170) — e~ andBr the branching fraction for each of AS We can see in the preceding equation, two possible solu-
the $(2170) — KK+ processes, were extracted. Since thelions for BrI', < from the fits to the data were obtained in

- 1 - . =+ —
decay width[s, ¢~ is not known, we can use the information R€f- [8] in case of the processge2170) — K7 (1400)K™,

provided in Ref. [8] to calculate the ratios K (1270)K . Using Eq. [(5), we can determine the ex-
perimental values for th&;, B, and Bs ratios of Eq. [L.4),
B, = 1F1¢R~K+<1460>K* getting

pr—K; (1400)K ~
_ Brlpr — K*(1460)K ]

B — { 0.64 + 0.92, Solution 1,
"~ Bripr — Ki (1400)K -]’

0.03 £ 0.04, Solution 2,

(12)

BEP _ 0.40 £ 0.54, Solution 1,
271 0.02£0.03, Solution 2,

r _
_ Lgr—K+a460)K _
By = = R B { 1.62 + 1.38, Solution 1,

Pr— K (1270) K~ 1.55 + 0.19, Solution 2.

(16)
 Brlpr — K*(1460)K ]

- Brior — K; (12710)K -]’ (13) Using now the decay widths listed in Tables II-1V, we can
determine the ratios in Eqsl2), (13), (14). The results are
givenin Tables V-VII. Since the decay widths obtained in this

By = F¢>R—>Kf(1270)K* work do not depend much on the form factors considered, the
L i (1400) K - values presented for the ratios correspond to the average of
N B the results obtained with different form factors.
_ Brigr — K (1270)K7] (14) Since the ratidB; (see Eq.12)) involves the decay width
Brlpr — Ky (1400) K]’ of $(2170) — K; (1400)K ~, it can be calculated within the

Supl. Rev. Mex. Fis3 0308071
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considering the interference between the two poles, we ob-
TABLE V. Results for the branching ratiB;. The label “Experi-  tain a value which is closer to the upper limit for this ratio
ment” refers to the values given in E46). determined with solution 1 of the BESIII collaboration. In-
terestingly, we find that the contribution from the individual

B poles of K;"(1270) produces a larger value fdB,, which
our results Madel B 0.62 +0.20 is not compatible with the experimental value. Within the
Model C 0.11+0.04 model B, the values determined fét, are not compatible
_ Solution 1 0.64 +0.92 with those obtained from the experimental data. In case of
Experiment Solution 2 0.03 4+ 0.04 model C, solution§, andS; produce a value foB, which
is compatible with solution 2 of Ref. [8] while solutid®y
produces a value compatible with solution 1 of Ref. [8].
TABLE VI. Results for the ratid3,. The label “Experiment” refers In Table VII we find the results for the ratiB;. Note
to the values given in EQ1E). that this ratio involves the decay width @f(2170) —
B, K (1400) K —, thus, we can evaluate it within models B and

C. Although, because of the similarity between the decay
width for ¢(2170) — K, (1270)K ~ within model A (con-
sidering the superposition of two poles féf, (1270)) and

1.3+0.4 (Poleszy, z2)
Model A 3.6+1.2 (Polez1)

88+£28 (Polezs) solutionS; of model C, it can be inferred that the ratigy
Ourresults  Model B 16+6 (under solutiorB, in Table VII) represents the result for both
12404 (SolutionsS) cases. It can be said, then, that for solutfn as well as

ModelC 0124004 (SolutionSs) for mode_l A, the rgsults can be considered to be cIo_ser to the
) lower limit of solution 1 presented in Table VII. Solutiofs
0.05£0.02  (SolutionSs) andS; of model C are compatible with the data.
Solution1  0.40 £ 0.54 In this way, we find that considering(2170) as a
Solution 2 0.02 4 0.03 ¢ f0(980) molecular states provides a good description of the
ratios By, B, and B found from the experimental data on
Brlﬂff of Ref. [8]. Further experimental data with higher
statistics can be very helpful in drawing more robust conclu-
sions on the properties @éf; (1270) and K (1400). The par-

Experiment

TABLE VII. Results for the ratioBs. The label “Experiment”
refers to the values given in EALG).

Bs tial decay widths provided in the present work can be useful
Model B 0.04 +0.01 for future experimental investigations.
0.09 + 0.02 (SolutionS,)

Our results )
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