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Decay behavior of hidden-strange hadronic molecular state N(2270)
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We systematically discuss the decay patterns of the hidden-strange hadronic molecular state N(2270) which is
assumed to be an s-wave K* X* shallow bound state with possible quantum numbers J* of 1/27,3/27,and 5/2".
By using the effective Lagrangian approach and considering pseudoscalar meson and vector meson exchanges,
we thoroughly calculate and discuss the decay behavior of the N(2270) molecular state, including hadronic and
radiative decay and the cutoff dependence, for different J” values. For all three cases, the K*A final state is
always included as the main decay channel. However, the KX, KA, KX*, and w A final states exhibit notable
differences. These different decay properties will provide valuable guidance for future experimental searches

and aid in distinguishing different J* assumptions and understanding their internal structures.
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L. INTRODUCTION

As the deeper understanding of baryons, multiquark states,
including pentaquark states and hadronic molecular states,
as well as hybrid states, are epicenters in hadron physics.
Different structures will lead to different natures, which are
very interesting to study, and the internal structure is always
an important route to get a deeper comprehension of the inter-
actions of our physical world.

2015 was a breakthrough year, in which the LHCb Col-
laboration presented striking evidence for J/yr p resonances,
named P (4380) and P;F(4450), in Ag — K~ J/¢ p decays
[1]. Further information was reported in 2019: the LHCb
Collaboration declared the P(4312) state and a two-peak
structure of the Pj (4450) state, which is resolved into
P1(4440) and PF(4457) [2].

There are many theoretical investigations on the nature
of the P. states. Before the experimental observation, many
theoretical groups had predicted the existence of resonant
structures near the DX, and D*X, thresholds [3—11]. When
the pentaquark state was first discovered, many theoretical
groups attempted to explain the structure of P. states by using
the compact pentaquark state model, where the different states
are interpreted as s-wave and p-wave compact pentaquark
states [12-22].
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The most intriguing aspect is that the reported masses of
P (4380) and P (4457) are located just below the thresholds
of DX} and D*X, at 4382 and 4459 MeV. In the hadronic
molecular picture, this strongly supports the interpretation of
PF(4380) and P (4457) as hadronic molecular states com-
posed of DX* and D* X, respectively [23-28]. Furthermore,
in a recent study [29], the Pj’ (4457) in the hadronic molecular
picture can also be explained as the D* A, bound state. One
of the systems DX*, D*%,, or even D*A., which contains a
pair of c¢¢ quarks, is a so-called hidden charm in the hadronic
molecular picture.

Analogously, in the light quark sector, the hidden-strange
hadronic molecular system possibly exists too. The masses
of N(1875)3/2™ and N(2080)3/2™ are just below the thresh-
olds of KX* and K*X at 1880 and 2086 MeV, respectively.
The N(1875)3/2~ and N(2080)3/2~ are proposed to be
the strange partners of the P."(4380) and P."(4457) molec-
ular states [30,31]. In Ref. [31], the decay patterns of
N(1875)3/27 and N(2080)3/2" as s-wave K¥X* and K*%
molecular states were calculated within an effective La-
grangian approach. It was found that the measured decay
properties of N(1875)3/2~ and N(2080)3/2 can be repro-
duced well, supporting the molecule interpretation of the
N(1875)3/2™ and N(2080)3/2~ states.

Besides N(1875)3/2~ and N(2080)3/2~ states, in the
hidden-strange molecular sector, some investigations have
shown that the state bounded by K*¥*, denoted N(2270),
is already present in some photoproduction scattering pro-
cesses. In Ref. [32], the hidden-strange molecular states
N(2080)3/27 and N(2270)3/2 are compatible with the
available cross-section data of the yp — K**20 and yp —
K*9%* reactions. Furthermore, in y p — ¢p reactions [33],
which also introduce N(2080)3/2~ and N(2270)3/2~ states
in the s channel as their main mechanism, the experimental
data are perfectly reproduced by the theoretical calculations.
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FIG. 1. The triangle diagrams of N(2270) decays, where F1 and
F2 denote the final states and EP denotes the exchange particles.

Consequently, the properties of N(2270) should be subject to
an exhaustive study.

In this paper, using the effective Lagrangian approach
we systematically discuss the decay patterns of the hidden-
strange hadronic molecular state N(2270), which is assumed
to be an s-wave K*X* shallow bound state with possible
quantum numbers J* of 1/27,3/27, and 5/2~.

This paper is organized as follows. In Sec. II, we briefly
introduce the framework of our theoretical model. In Sec. III,
the results of our theoretical calculations are presented with
some discussions. Finally, we give a brief summary and con-
clusions in Sec. IV.

II. FORMALISM

Following the calculations in Ref. [31], the decay of the
N(2270) molecular state proceeds through triangular dia-
grams, as shown in Fig. 1, where F1 and F2 denote the final
states and EP denotes the exchange particles. Considering the
exchange of pseudoscalar and vector mesons, we list the pos-
sible hadronic decay channels and corresponding exchange
particles in Table 1.

A. Lagrangians

N(2270) is an s-wave K*X* molecular state with the as-
sumedg mass my270) = 2270 MeV. The J© of K* is 1-,
while the J” of ¥* is 3/2". For the s-wave coupling to the
N(2270) states, the allowed J?’s of N(2270) are 1/27, 3/2",
and 5/27. By the Lorentz covariant orbital-spin scheme [34],

TABLE I. Hadronic decay modes of N*(2270)(K*X*).

Final states Exchanged particles

KXY P, w, T
KA P, T
KX* P, ®, T
K*Y P, W, T
K*A P, T
TN K, K*
TA K, K*
nN K, K*
PN K, K*
wN K,K*
¢N K, K*

TABLE II. My and Fr values.

JP My Fr 80

1/2- 4m, 1 1.340
3/2- 20/9m, 32 1.468
5/2 6/5m 5/3 1.895

the s-wave couplings of N(2270) with K*X* for different J*
are given by

ACK*E*N*(I/z*) = g1/272*MN*K*M, (1)
‘CK*Z*N*(3/27) = g3/2_E*M'}/5'}7VN*MK*U, (2)
ﬁK*E*N*(S/Z’) = g5/27E*MN*HVK*U, (3)

where g'/?", ¢/*, and g/*> correspond to the coupling
constants when X* and K* fields couple to the different spin-
parity N* fields with J” of 1/27,3/27, and 5/2~ respectively.

In the discussion below, to simplify, V' stands for vector
meson fields and P stands for pseudoscalar meson fields,
while D stands for the baryon-decuplet fields and B stands for
the baryon-octet fields. Besides the hadronic molecular vertex,
the Lagrangians are given [4,35-37] as

Lypp = igvpp,(V, 0" PP, — V, 0" PPy), 4)
Lyvy = —igvvu [Vi* (9,V2" Vs, — V2" 0,V5,)
+ (8, V1"Va, — V1U3MV2V)V3”

+ Vo (V1" 9, Vay — 0, V1'V3y) ] )
Lyve = —gvv,pe™ P (8,V1,0,Vap)P, (6)
Lpgp = goepD"9,PB + H.c., (7

Lpsv = —igpevD"y"y5(3,V, — 3,V )B+H.c., (8)

f DDP

Lppp = D" y"D,,0,P, ()]

/e

= KpDV
Lppy = gDDVDla<VM )

"9, VD2, (10)
ma

where gy p p,, gv,v,v;, and gy,v,p as well as gppp, gpBv. fDDP,
gppv, and xppy are coupling constants. m, and mp are the
pion and A masses.

B. Coupling constants

Following Ref. [38], we can calculate the effective s-
wave coupling constants with the Weinberg compositeness
criterion:

Sﬂ«/EBm]mzf[

1
Py _
s/ = /[mlmz/(ml +m) P2\ My(JP)Fr(JP)’ (1h

For different quantum numbers J©, My and F; have differ-
ent values. The calculated go(J7) are listed in Table II, where
binding energy Ep = 8.19MeV, m; = mg+ = 893.61 MeV
and m; = myx+ = 1384.58 MeV.

All other coupling constants can be calculated by the
SU(3) relations and are listed in Table III. It is important

015203-2



DECAY BEHAVIOR OF HIDDEN-STRANGE HADRONIC ...

PHYSICAL REVIEW C 112, 015203 (2025)

TABLE III. Coupling constants.

Coupling SU(3) relation Value Coupling SU(3) relation Value
oo 2/3gvvp 12.8GeV~' [39] Sponn 2+/2gvpp 8.54 [41]
8K*—pK —3gvvp —11.1GeV™! 8K*—Kn \/ggVPP 5.23

8K* >k V3gyve 6.42GeV™! 8K* Ky V3gver 5.23

8K* ¢k V6gyve 9.08 GeV ™! &a—Ap V15gppy 9.91 [42]
8K* K 3gvvp 11.1GeV™! gty 2/ 2gppv 7.24
8K*—K*p —8vvp —3.71GeV™! 8A—TH*K* _\/ggDDV —6.27
8p—pp 2\/§gvvv 8.28 [36] 855 T*w 2gppV 5.12
8K*—K*p «/ggvvv 5.07 Kppv 6.1 [42]
8K*—>K*w 8gvvv 2.93 Sasan \/BfDDP 2.30 [42]
8K+ sK*g —v2gvvy —4.14 fro oo 2v/2 fopp 1.68
gN—ap —2+/3g8DV 29.24 GeV~! [40] facssik —V6 fopp —1.45
PRV V3gspy —14.26GeV™! 8N— A —2+/3ggpp 21.79 GeV~' [40]
gsoxp —v2gspv 11.94GeV™! N THK V3gupp —10.90GeV™!
8a>stp —3gBDV 25.33GeV~! gy s 6.030GeV ™!
8rotre —gBDV 8.442 GeV~! Asxrx 13.39GeV!

to note that, due to different phase conventions, the SU(3)
relations may vary across different articles, as discussed in
detail in Ref. [43]. Therefore, we adopt the conventions used
by de Swart [44,45].

Additionally, for the couplings gx_, v+, and ga_ sy, We
did not use the values provided by the SU(3) relations. In-
stead, we used values calculated from the widths listed by the
Particle Data Group (PDG) [45], ensuring that the signs are
consistent with those in SU(3) relations.

We discuss gs+_x+, and gx_, x+, separately. Assuming
ideal mixing of w; and wg,

2 1

W =4/ 50)1 +4/ 50)8, (12)
/1 2

(b = §w1 - \/;a)g. (13)

According to the SU(3) relations, we will find

gy 5rwg = 0, (14)
3
EA—Awg = EgAqu, (15)
833w, = 8A—Aw;» (16)
1
8y —Srtwg = EgN—>Ap9 (17)
8r—Srw; = 0. (18)

Furthermore, we assume that the ¢ meson does not cou-
ple to A [Okubo-Zweig-lizuka (OZI) rule], i.e., ga—»agp = 0.
Then, we have

2
EA—>Aw = \/EgA—mwg = \/;gA—mp, 19)
So,
2 2
8y St = ggz*ﬁz*wl = «/_l—sgAﬁA/h (20)

1 1
8r >0 = \/;gZ—m*ws = z—ﬁgN—mﬁ- (21)

The tensor term should also be determined in
Refs. [39,42,46]. According to the SU(3) isospin symmetry,
the tensor coupling should also be changed by the isospin
factor just as gppy is, so the value of kppy should always be
the same under the SU(3) isospin symmetry. Thus this value
is taken as kppy = 6.1.

C. Form factors

To avoid ultraviolet (UV) divergence and to suppress short-
distance contributions in the calculation, we introduce the
following Gaussian regulator to render all amplitudes UV
finite:

F(@*/A0%) = exp(—q*/Ao?). (22)

Here q is the spatial part of loop momentum /, and Ay is a
UV cutoff.

In addition, a multipole regulator is introduced to suppress
the off-shell contribution for the exchange particles, which is

A4

PP+ AT 3)

fa? =

Here m is the mass of the exchanged particle and [ is
the corresponding four-momentum, while A is the cutoff
parameter.

There are two cutoff parameters, one of which is the Ag
in the Gaussian regulator to normalize UV divergence, and
the other one is the A introduced by the multipole regulator
to suppress the off-shell effect. In general, the values for these
two cutoffs are taken around a value which is much larger than
Aqcp, so we take Ag and A as 900 MeV. When it comes to
the discussion of model dependence of cutoffs, we will set one
of the cutoffs as 900 MeV and shift the other one from 800 to
1000 MeV.
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FIG. 2. The triangle diagrams of N(2270) radiative decay.

D. Radiative decay

To calculate the radiative decay, we consider the vector
meson dominance (VMD) model with the Feynman diagram
shown in Fig. 2.

The VMD is defined by the following Lagrangian [47]:

2
em
— ALy (x).
fv

Here my is the mass of the vector meson V, and A,, and ¢“f
are the field operators for the photon and vector meson, res-
pectively. The width of V. — e*e™ can then be calculated by
I, 4rm
S my —.
3 fv

Here « is the fine structure constant. By using the data of
Iy_ete- [45], the decay constants can be determined: f, =
5.33, fo =152, fp =13.4.

Lymp(x) = (24)

(25)

Ly ere =

III. RESULTS AND DISCUSSION

A. Hadronic decays

As shown in Table IV, the decay behavior of the N(2270)
molecular state under the set of cutoffs (A, Ag) in the calcula-
tion is (900, 900) MeV. Where the first column FS represents

the final states of hadronic decays, the subscript of I" indi-
cates the exchanged pseudo-scalar or vector meson, the last
but one column I' represents the total decay width of this
final state, and the last column represents the branching ratio
(BR =T;/T) of this final state.

The main decay channel is concluded as which BR is near
or much larger than 10%.

The result of molecular state N(2270) with spin-parity
JP =1/2 can be selected from Table IV. It shows that the
most important decay channel of N(2270)1/27 is KA, with
a BR ~40%. Meanwhile, other main decay channels include
KX, K*A, pN, and ¢N, and the decay BRs of these decay
channels are about 10%.

The main decay channels are alternated for the N(2270)
with JP = 3/27. The K*A final state shows the absolute dom-
ination in this pattern, nearly half of the BR contribution from
this channel. What’s interesting is that KX* and 7 A are in the
following position with the decay BR ~10%.

Finally, for the N(2270) with J¥ = 5/2~, the main decay
channels are K*A, KX*, KA, w A and ¢ N, and the results ob-
tained for the other decay channels are relatively small. Also,
the K*A final state shows the absolute domination, nearly
25% of the BR contribution from this channel. Meanwhile,
K¥*, wA, and KA, contribute BR ~17% of N(2270)5/2~
decays.

B. Radiative decay

With the two cutoff parameters manually set to (A, Ag) =
(900, 900) MeV, the calculated results are shown in Table V,
the first column is the quantum numbers of all possible s-
wave molecular states N(2270) that we analyzed from the
spin-parity values of the K* and ¥* system, which are 1/27,
3/27, and 5/27. The second column shows the total width
we calculated. The third column shows the calculated width
from radiative decay. In this part, we use the VMD model

TABLE IV. Decay width of N*(2270)(K*X*) with J* = 1/27,3/27, and 5/2~ when (A, Ay) = (900, 900) MeV. Where the first column
F'S represents the final states of hadronic decays, the subscript of I' indicates the exchanged pseudo-scalar or vector meson, the last but one
column I" represents the total decay width of this final state, and the last column I';/I" represents the branching ratio of this final state.

FS I, (MeV) T, (MeV) T, (MeV) T (MeV) T;/T(%)

@Py  1/2=  3/20 52~ 1/2= 3/2 5/2 1/2= 3/2= 5/2= 1/2= 32 5/2= 1/2= 3/2= 5/2°
KX 091 069 305 1022 215 081 258 066 020 2935 6.67 202 1185 1.82 256
KA 324 456 2047 7321 1743 576 9360 25.15 1337 3780 688 16.95
KX* 293 575 615 287 1804 320 089 430 0.83 990 4567 1342 400 1250 17.02
K*S 327 757 273 550 736 236 211 181 057 213 1432 174 086 391 221
K*A 2800 6138 2272 46.63 5924 21.00 2468 19466 18.94 997 5326 24.01
FS T'x (MeV) T+ (MeV) I (MeV) T;/T(%)

(P 1/2- 3/2- 5/2- 1/2- 3/2- 5/2- 1/2- 3/2- 5/2- 1/2- 3/2- 5/2-
7N 421 0.41 1.04 6.29 2.69 0.55 16.98 2.35 1.55 6.86 0.64 1.97
A 2.14 5.19 4.82 8.78 35.14 7.86 10.93 40.32 12.69 4.41 11.03 16.08
nN 472 1.00 3.22 1.49 0.64 0.13 251 224 3.10 1.01 0.61 3.93
oN 2.88 3.15 1.06 12.35 4.69 1.52 23.06 11.08 3.46 9.31 3.03 438
wN 2.85 3.17 1.06 12.17 4.60 1.51 7.25 451 1.68 2.93 1.23 2.13
#N 3.82 6.78 2.36 12.85 5.12 2.53 26.94 18.49 6.90 10.88 5.06 8.74
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TABLE V. The total width, radiative decay width, and branching
ratio of N(2270) when (A, Ag) = (900, 900) MeV.

Initial state I' (MeV) I'yy (keV) Ly /T (%)
N*(2270)1/2~ 247.61 287.17 0.116
N*(2270)3/2~ 365.52 59.60 0.016
N*(2270)5/2~ 78.89 18.42 0.023

and consider the exchange of pseudoscalar and vector mesons
in the triangle loop. Refer to Sec. IID; the radiative decay
width is the sum of the six Feynman diagrams listed. The last
column gives the branching ratio of radiative decay.

As shown in Table V, when the initial spin-parity J* =
1/27, the BR of radiative decay is about 0.1%; and when
the initial spin-parity J¥ = 3/2~ or 5/27, the BR of radiative
decay is about 0.02%.

C. Cutoff dependence

There are two cutoff parameters introduced in Sec. IIC.
Below, we will discuss the dependence of the results on the
cutoff parameters one by one.

1. Total width

As shown in Fig. 3, the upper figure is the result of fixing
the A as 900 MeV and changing A¢ from 800 to 1000 MeV,
while the lower figure is the result of the fixing the Ag as
900 MeV and changing A from 800 to 1000 MeV, where the
green line, blue dashed line, and red dot-dashed line corre-
spond to the case of initial state N(2270) spin-parity quantum
numbers J* of 1/27,3/27,and 5/27, respectively.

As Fig. 3 shows, with the varying cutoff parameter, the
dependence of the total width on the cutoff parameter is very
obvious, and the width can vary from 200 to 500 MeV, which
can cover the possible width range of the general nucleon
excited states. Therefore, it is difficult for us to accurately
predict the total width from the existing model, since the
shifting range is large.

2. Hadronic decays

As shown in Figs. 4-6, the graph in the left panel is the
result of a fixed A = 900 MeV as a function of A, while the
graph in the right panel is the result of a fixed Ay = 900 MeV
as a function of A. At the same time, we draw the BRs of
the decay channels of the final states containing pseudoscalar
mesons in the first row, where the green lines, blue dashed
lines, red large-dashed lines, cyan dot-dashed lines, orange
dotted lines, and purple large-dotted lines represent nN, =N,
KA, K¥Y, mA, and KX* final state respectively, and all the
cases involving vector mesons in the second row, where the
green lines, blue dashed lines, red large-dashed lines, cyan
dot-dashed lines, and orange dotted lines represent K*X,
K*A, pN, N, and ¢N final state respectively.

When the cutoff parameter varies in a large range, which
also corresponds to a large range of variation in the total
width—besides the fact that the KA final state indicates a
large dependence on both cutoffs Ay and A in N(2270)1/2~

800
N(2270)1/2"
600} ----- N(2270)3/2~
_ b - - N(2270)5/2"
o
s 400f et
Sl e
200
0
800 850 900 950 1000
Ay (MeV)
800
N(2270)1/2"
600} ----- N(2270)3/2"
- b - - N@270)52~  __=="]
% ——————
S 400t -
S T
200
0
800 850 900 950 1000
A (MeV)

FIG. 3. Total width for N(2270) as a function of cutoff, with
A =900MeV (upper figure) and Ay = 900 MeV (lower figure). The
green line, blue dashed line, and red dot-dashed line correspond to
the case of initial state N(2270) spin-parity quantum numbers J* of
1/27,3/27, and 5/27, respectively.

decays, and the fact KA and w A final states indicate a
large dependence on both cutoffs Ay and A in N(2270)5/2~
decays—the dependence of the rest of the decay channels on
the variation of both cutoffs is not that obvious.

Taking N(2270)1/2~ decays as an example, although the
K A final state indicates a large shifting dependence on both
cutoffs Ay and A, what is important most is to show its abso-
lute dominance in the decay patten of N(2270)1/2~ decays,
which means that this kind of variation does not influence the
main conclusion. This discussion can also be applied to the
case of N(2270)5/2~ decays. To be more rigorous, for this
situation, we give a range as the prediction in conclusion.

For N(2270)1/2~ hadronic decays, the main decay chan-
nels include KA, KX, K¥*, and K*A. For the KA final state,
the BR is the largest, showing significant dependence on the
cutoff values; the result varies in the range of 25%—48%. For
the KX final state, the BR varies in the range of 10%—15%,
while for the K*A, pN, and ¢N final states their BRs are
around 10%.

For N(2270)3/2~ hadronic decays, the main decay chan-
nels are K*A, KX*, and 7 A final states. For K* A final state,
the BR is the largest with ~53%, while for KX* and 7 A final
states, their BRs are around 12%.
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FIG. 4. Branching ratio for the N(2270)1/2~ hadron decay as a function of cutoff, with A = 900 MeV (left panel) and Ay = 900 MeV
(right panel). We draw the branching ratios of the decay channels of the final states containing pseudoscalar mesons in the first row, where
the green lines, blue dashed lines, red large-dashed lines, cyan dot-dashed lines, orange dotted lines, and purple large-dotted lines represent
nN, N, KA, K%, 7 A, and KX* final state respectively, and all the cases involving vector mesons in the second row, where the green lines,
blue dashed lines, red large-dashed lines, cyan dot-dashed lines, and orange dotted lines represent K*X, K*A, pN, wN, and ¢N final state
respectively.
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FIG. 5. Branching ratio for the N(2270)3 /2~ hadron decay as a function of cutoff. The notation is the same as Fig. 4.
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FIG. 6. Branching ratio for the N(2270)5/2~ hadron decay as a function of cutoff. The notation is the same as Fig. 4.

For N(2270)5/2~ hadronic decays, the main decay chan-
nels include K*A, K¥X*, KA, wA, and ¢N final states. The
largest BR ~25% is for the K*A final state, the next one is
BR ~17% for KX*. For m A and KA final states, we obtian
BRs in the range of 14%-20%, and found them to be quite
sensitive to the cutoff value. The BR for the ¢ N final state is
around 10%.

3. Radiative decay

The calculated BR of the radiative decay is shown in Fig. 7,
where the upper graph is the result of fixing A as a function of
Ay, and the lower graph is the result of fixing A as a function
of A. It shows that the BRs are of the order of 0.1% or much
smaller.

For the J* = 1/27 case, the radiative decay BR indicates a
large dependence on both cutoffs Ay and A. To be more rig-
orous, we find that this radiative decay BR is 0.09%—-0.15%.

For J¥ =3/2~ or 5/2~ cases, we find that this radiative
decay BR shows a smooth dependence on the cutoff, and
we can confirm our calculated BR of around 0.02% to be a
reliable physical result.

D. Discussion independent of cutoff

For all three cases, the K* A final state is always included as
the main decay channel. It is interesting that, from the picture
of N(2270) hadronic molecular decays, one of the compo-
nents X* is most likely to hadronic decay to Am systems [45].
Such a significant feature is brought from the hadronic molec-
ular picture. Meanwhile, all three cases are also different from
each other.

Note that the other component K* is most likely to hadronic
decay to the Kz system. In that case, K¥* should also be

raised as the main decay channel from the hadronic molecular
picture. Actually, the KX* channel is suppressed according to
the partial wave analysis, and the detailed discussion will be
expanded below.

For simplicity, we abbreviate the final states with a pseu-
doscalar meson and a baryon belonging to the baryon octet as
PB final states. Also, the final states with a vector meson and
a baryon belonging to the baryon octet will be named as VB
final states, and the final states with a pseudoscalar meson and
a baryon belonging to the baryon decuplet named PD final
states.

Comparing the decay pattern of N(2270)3/2~ with
N(2270)1/27, we can find the suppression of some PB final
states including K¥ and KA in the main decay channel of
the original N(2270)1/2~, while the KX* and A final state
which is a PD final state in N(2270)3/2~ decay pattern be-
come the new main decay channel, which is also very easy
to understand as being due to the difference in the quantum
numbers of the initial states.

When the initial state spin-parity J* = 3/2~, the PB fi-
nal states need d-wave couplings when they interact with
N(2270)3/27 and thus get depressed, while the PD final
states are s-wave coupled to N(2270)3/2~. In contrast, in the
JP =1/27 case it is exactly the opposite: the PD final states
need d-wave couplings when they interact to N(2270)1/2~
and the PB final states are s-wave coupled to N(2270)1/27,
which is why the PD final states become one of the main
decay channels in the N(2270)3/2~ decay pattern. Note that
the VB final states will not be suppressed in both J* = 1/2~
and J¥ = 3/27 cases.

But, in the case of J¥ = 5/27, regardless of whether PB,
VB, or PD final states need at least a d-wave coupling, a
new change in the overall decay pattern emerges. At the same
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FIG. 7. Branching ratio of radiative decay as a function of cutoff,
with A =900MeV (upper figure) and Ay = 900 MeV (lower fig-
ure). Where the green line, blue dashed line, and red dot-dashed line
correspond to the case of initial state N(2270) spin-parity quantum
numbers J” of 1/27,3/27, and 5/27, respectively.

time, it is understandable why, with the same choice of cutoff
parameters, the calculated total width of the N(2270)5/2~
state is significantly smaller than that in the N(2270)1/2~ and
N(2270)3/2~ cases.

IV. SUMMARY AND CONCLUSIONS

In this article, we systematically calculate the decay be-
havior of the hadronic molecular state N(2270), which is
composed of s-wave K*X* with JP =1/27,3/27,and 5/2",
and discuss the dependence of the results on the cutoff
parameters.

For all three cases, the K*A final state is always included
as the main decay channel. Meanwhile, the K ¥* final state is
also an outstanding one, although it is suppressed according
to the partial wave analysis in the J* = 1/2~ case. These fea-
tures strongly indicate that the decay pattern of the hadronic
molecular states is inextricably linked to the decay pattern
of its constituent hadrons. However, the KX, KA, KX*, and
7 A final states exhibit notable differences for different J*.
The results we have obtained about the decay behavior will
hopefully aid in the experimental discovery as well as the
identification of the existence of N(2270).

Possible roles played by the N(2270)3/27 in the reactions
yp — K*¥ [32] and y p — p¢ [33] are compatible with the
available cross-section data for the yp — K**X* channel
[48] and the process [49] yp — K** X0 In the yp — p¢
process, a bump structure occurs [50] around W = 2.27 GeV,
which is explained [33] by the N(2270)3/2~. In those investi-
gations, only J© = 3/2~ was considered. In the present paper,
we extend the domain from J* =1/27 to J¥ =5/27, and
systematically study the decay patterns of the hidden-strange
hadronic molecular state N(2270), which is assumed to be an
s-wave K*%T shallow bound state, the strange partner of the
D*%¥* bound states. Our findings could be tested by measure-
ments at JLab [51] and J-PARC [52] via various channels,
namely yp, tp — K*A, K¥*, KA, KX, and m A, as well as
at the high-energyfacility HIAF [53] under construction, via
reactions such as pp — pp¢p, pK*A, pK*%, pK¥*, to which
our formalism could be applied.

Furthermore, we show that the K* A channel has a signifi-
cant impact on the formation of the K*X* molecular state. In
the future, we will investigate the full coupled-channel effects
and conduct a more detailed study of the decay process of the
N(2270).
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