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A first-order pentaquark model is utilized to model the(2080) 3/2™ and N(2270) 3/2" states. The N(2080) 3/2" and
N(2270) 3/2" states are modeled as K**x%and K" x* pentaquarks, respectively. These possible pentaquark states are
described as weakly bound meson plus baryon molecular states. The model predicts a set of spin and parity values that

includes the experimental 3/2” value. The predicted mass values are within 8% of the experimental values.

1. Introduction

Benetal. [ analyzedyp — K** 50 and Yp— K*0s* data by incorporating contributions from the N(2080) 3/2" and N(2270)
3/2” molecules. These data are usually evaluated by incorporating s channel nucleon resonances. Including these molecular
states reproduces the cross section data. Ref. (1] concluded that the inclusion of the N(2080) 3/2" and N(2270) 3/2°
molecules is consistent with the K* = photoproduction data. In view of the analysis of Ben et al. l11, this paper analyzes
these N(2080) 3/2" and N(2270) 3/2” molecular states in terms of a first-order pentaquark model. First-order models were

previously used to reasonably describe other possible pentaquarks 2IB1£151(61(71(8]

The N(2080) and N(2270) states are investigated in terms of a first-order pentaquark mass formula. The N(2080) 3/2" and
N(2270) 3/2” states are modeled as K** 59 and K*© =*, respectively. These states are described as weakly bound meson plus

baryon molecular states. The meson and baryons are defined utilizing the methodology of Zel'dovich and Sakharov [21(10],

2. Formalism

The first-order pentaquark model weakly couples a meson (m) and baryon (b). Mesons and baryons are modeled using the

approach of Refs. 9 and 10 to determine their respective masses

My, = ép + m, + m, + b (my*/ my m,) o5 o, (1)

My, = 8, + my + m, + m + (b/3) [(my> / my m,) 6, o,

+(mg?/m, m;) oy 05 + (my2/ m, m;) 6, 03] (2)

where 8, = 40 MeV/c?, &, = 230 MeV/c?, m; is the mass of the quark comprising the meson (i = 1, 2) or baryon (i = 1, 2, 3),

m, is the average mass of a first generation quark, and b = 615 MeV/c2. In Eq. 1, oy 65 = -3/4 or 1/4 for a pseudoscalar or
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vector meson, respectively. In Eq. 2, the values of o; oj depend on the baryon spin. If the total baryon spin is 1/2 and it has
two identical quarks q, and g3, the values of o;- cjare

6, 63 =1/4 and oy 6, = 6y 63 = -1/2.(3)

If the J = 1/2 baryon contains three different quarks, then the values of o;- o; are defined by the methodology of Refs. 9 and
10.

The first-order mass formula assumes that the meson and baryon reside in their ground states. If excited states are

involved, the difference in masses between the excited and ground states must be considered.

Egs. 1 and 2 utilize effective quark masses. These masses were determined by Griffiths 1] for d, u, s, c, b, and t quarks that
have the values 340, 336, 486, 1550, 4730, and 177000 MeV/c?, respectively. Using the convention of the Standard
Model ml[ﬁl, the quarks are grouped into three generations: [d(-1/3), u(+2/3)], [s(-1/3), c(+2/3)], and [b(-1/3),

t(+2/3)] [1l12] Quark charges are given within the parentheses in terms of the unit charge e.

3. Results and Discussion

The N(2080) 3/2” and N(2270) 3/2” states are modeled as K" s%and K*0s* pentaquarks, respectively. Masses and spin and

parity assignments of these states are described in subsequent discussion.

3.1. N(2080) Modeled as a Pentaquark

The N(2080) pentaquark is modeled as a K** + = that have the J" values of 1" and 1/2 *, respectively. Given these values, the
total spin of the N(2080) is
J*(N(2080)) = J* (K"*)x 0 xJ" (%) = 1" x 0 x1/2* = 1/2, 3/2 (4)

The value of 3/2" is in agreement with experiment [1] since the first-order model only permits a primitive structure with
zero angular momentum between the clusters, a unique spin structure is not defined within the scope of the model.

Therefore, the model also predicts a 1/2” assignment.

The M(2080) mass predicted by the model is given by the relationship

M(2080) = M(K*) + M(2°) + A(K™ - K*) (5)

where A(K** - K*) is the mass difference between the K** - K* [22. Using Eq. 5 and the first order methodology of Egs. 1
and 2, lead to a predicted N(2080) mass of 2238 MeV/c2. This model result is about 8% larger than the measured
experimental value 21,

3.2. N(2270) Modeled as a Pentaquark

The N(2270) pentaquark is modeled as a K*0 + =* that have the J™values of 1" and 1/2 *, respectively. Given these values, the

total spin of the N(2270) is

J*(N(2270)) = J* (K" x 0 X J* (£*) = 1" x 0 X 1/2* = 1/27, 3/27 (6)
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The experimental value of 3/2" is in agreement with experiment (11 As noted previously for the N(2080), a 1/2” assignment

is also predicted by the first-order pentaquark mass formula.

The N(2270) mass predicted by the model is given by the relationship

M(2270) = M(K®) + M(*) + A(K*® - K°) (7)

where A(K*® — K°) is the mass difference between the K*® — K° [22, Using Eq. 7 and the first order methodology of Egs. 1

and 2, lead to a predicted N(2270) mass of 2241 MeV/c2. This result is about 2% smaller than the measured experimental

value 11,

4. Conclusions

A first-order pentaquark approach is utilized to model the (2080) 3/2” and N(2270) 3/2” molecular states. The N(2080) 3/2°
and N(2270) 3/2" are modeled as K** £° and K*° =* pentaquarks, respectively. These resonances are described as weakly
bound meson plus baryon pentaquark molecular states. The model incorporates a primitive coupling structure that

predicts a set of spin and parity values including the experimental 3/2" value and a 1/2" state.

The first-order mass model leads to a predicted N(2080) mass of 2238 MeV/c? that is about 8% larger than the measured
experimental value. Within the scope of the first-order model, the N(2270) mass is calculated to be 2241 MeV/c2. This

result is about 2% smaller than the measured experimental value.

References

Juy

.abgd et ep Ben A-C. Wang, F. Huang, and B-S. Zou, Effects of N (2080) 3/2” and N (2270) 3/2” molecules on K*x photopr
oduction, Phys. Rev. C 108, 065201 (2023).
2.2, J. Bevelacqua, First-Order Pentaquark Mass Formula, Physics Essays 29, 107 (2016).

Ay Bevelacqua, Possible Description of the J/¥ p and J/¥ p-bar Structures in Terms of a First-Order Pentaquark Mass Formul

w

a, Qeios 6KVPY6, 1 (2022). https://doi.org/10.32388/6KVPY6.
4. AI. J. Bevelacqua, Possible Description of the J/ ¥ A Structure at 4338.2 MeV in Terms of a First-Order Pentaquark Mass Formul
a, Qeios HDEA44, 1 (2022). https://doi.org/10.32388/HDEAL /.

Ay Bevelacqua, Possible Description of the J/¥ = (S = -2) Structure in Terms of a First-Order Pentaquark Mass Formula, Qeio

Ul

s HL8ISX, 1 (2023). https://doi.org/10.32388/HLS8ISX.

6.2, J. Bevelacqua, Possible f Quark Model of Tetraquarks and Pentaquarks, Qeios, 8T3IVE, 1 (2023). https://doi.org/10.32388/8
T3IVE.

7.2J.J. Bevelacqua, Possible Description of the Excited States of the Neutral Charmed Omega in Terms of a First-Order Pentaqua
rk Mass Formula, Qeios MUoID5, 1 (2024). https://doi.org/10.32388/MUolID5.

8.4.7. Bevelacqua, Pentaquark Model of the Neutral 4(1405), Qeios MOAE1W, 1 (2024). https://doi.org/10.32388/MOAE1W.

9.2va. B. Zel'dovich and A. D. Sakharov, Kvarkovaia struktura i massy sil'novzaimodeistvuyushchikh chastits, Yad. Fiz. 4, 395 (1
966).

10.2A.D. Sakharov, Mass formula for mesons and baryons, Sov. Phys. JETP 51, 1059 (1980).

geios.com doi.org/10.32388/N7KFWO


https://www.qeios.com/
https://doi.org/10.32388/N7KFWO

n.adbep Griffiths, Introduction to Elementary Particles, 2nd ed., (Wiley-VCH, Weinheim, 2008).

s

12.2 5.5 dpgrticle Data Group, Review of Particle Physics, Phys. Rev. D 110, 030001 (2024).

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/N7KFWO


https://www.qeios.com/
https://doi.org/10.32388/N7KFWO

