PHYSICAL REVIEW D 109, 074028 (2024)

Investigations of A states with spin-parity %i

K. Azizi

Department of Physics, University of Tehran, North Karegar Avenue, Tehran 14395-547, Iran;
Department of Physics, Dogus University, Dudullu-Umraniye, 34775 Istanbul, Turkey;
and School of Particles and Accelerators, Institute for Research in Fundamental Sciences (IPM),
P.O. Box 19395-5531, Tehran, Iran

Y. Sarac®’
Electrical and Electronics Engineering Department, Atilim University, 06836 Ankara, Turkey

H. Sundu’
Department of Physics Engineering, Istanbul Medeniyet University, 34700 Istanbul, Turkey

® (Received 31 January 2024; accepted 3 April 2024; published 25 April 2024)

The present study provides spectroscopic investigations of spin—% A baryons with both positive and

negative parities. The analysis mainly focuses on three states, namely 1P, 2P, and 2S, and corresponding
masses are calculated using the QCD sum rule method. To implement the method, we apply two types of
interpolating currents with octet and singlet quantum numbers and compare the corresponding results with
the reported masses of experimentally observed states. From the comparisons, it is extracted that the results
of interpolating current with octet quantum numbers are in good agreement with the experimentally
measured masses. The masses obtained with this interpolating current are m = 1513.64 & 8.76 MeV for
1P state with J¥ =37, m’' = 1687.91 £0.31 MeV for 2P state with J® =3~ and /m = 1882.37 +
11.95 MeV for 2S state with J© = %* and they are consistent with the experimental masses of
A(1520), A(1690), and A(1890), respectively, which confirm their spin-parity quantum numbers. Besides,
we calculate the corresponding current coupling constants, which are utilized as inputs in the calculations
of different form factors defining the widths of the states under study.
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I. INTRODUCTION

The advances in experimental research areas have brought
many new observations of both conventional and noncon-
ventional hadrons. As a result of the improved experimental
techniques and analyses, the excited states of light and heavy
baryons have been observed with progressively higher
confidence levels, and our understanding of the strong
interaction has been enhanced via the investigations con-
ducted to comprehend the properties of these observed states.
The discrepancy between the numbers of the observed
excited nucleon and other resonance states and the expect-
ation of the quark model keeps the subject hot and collects
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interest in their investigation. Consequently, comprehending
the spectroscopic characteristics, substructures, and inter-
actions of the present or newly observed states is crucial for
gaining a deeper understanding of both the strong interaction
and the absent resonances.

The studies on the hyperon resonances and their excited
states are of importance to enhance our understanding of
these states. The need for the investigation of these states is
augmented by our poor knowledge of their properties
compared to those of nonstrange baryons such as N and
A resonances. The presence of s quark with a mass heavier
than the mass of u and d quarks and lighter than that of ¢
and b quarks puts these states in an interesting place among
the other baryons. The excited states of baryons have been
among the recent focus of investigations as a result of new
observations pointing out possible excited states of heavy
and light baryons [1-4]. Positive and negative parity
excitations of these baryons have been investigated in
several works using different methods, such as the quark
model [5-17], lattice QCD [18-20], basis lattice front
quantization approach [21], covariant three-body Fadeev
approach [22], using Dyson-Schwinger and Bethe-Salpeter
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equations [23], and the QCD sum rules method [24-32].
To advance our understanding of particle physics and the
nonperturbative regime of QCD, understanding the struc-
ture and interaction mechanisms of both heavy baryons and
baryons with light quark content have been of interest.
Looking at the light baryons in Particle Data Group (PDG)
[33], it is seen that there exist fifteen NV resonances, eight A
resonances, ten A resonances, eight X resonances, three £
resonances, and one Q resonance with 4-star status.
However, the quark model predicts more states in these
energy regions [5], whose reason may be the effective
degrees of freedom of the model. These indicate a need for
deeper investigation of the present and missing light baryon
resonances to understand their nature, structure, and inter-
actions. With these motivations, these states were inves-
tigated via different approaches [5,34,35].

Among these light baryons are the A hyperon and its
excited states. These states have been investigated in the
last decades via the data coming from K~ p invariant mass
spectra of hyperons [36-38], partial wave analyses of K~ p
reactions [39] and photoproduction of A(1405) from JLab
[40,41]. The recent couple channel analyses resulted in
more hyperons [42—49]. Besides experimental analyses, the
spectrum of the A baryons was investigated via various
theoretical models, such as the quark model [5,50-59] and
lattice QCD [60-62]. The QCD sum rule method was
applied to study the mass of A baryons [63-65]. The
masses of the excited states of light strange baryons,
including A baryon, were studied in Ref. [66] using the
Regge phenomenology with quasilinear Regge trajectories.
In Ref. [57], it was pointed out that A(1405), A(1520),
A(1670), and A(1690) are possible mixtures of the p-wave
g’s states and ground ¢35q pentaquark states. In Ref. [67],
71 A*’s were predicted by lattice QCD calculations.
Previous analyses with the constituent quark models
provided similar predictions [5,10]. All these put the
baryon states containing strange quarks among the focus
of experimental and theoretical researches for either the
investigation of missing hyperon states or better under-
standing the observed ones. Besides, these studies improve
our understanding of the nonperturbative regime of QCD.
Their investigations provide us with a better understanding
of their intrinsic structure and the degrees of freedom in a
baryon and help us improve our understanding of confine-
ment mechanisms as well. With this motivation, baryon
states with strange quarks have been the subject of
investigations in many experimental facilities around the
world to investigate their spectroscopy and interection

|

mechanisms (for some recent experimental investigations,
see, for instance, the Refs. [66,68-73]).

In this work, our main purpose is to study the A states with
spin J = % With this aim, we make spectrum analyses for A
state with this spin and investigate not only the ground state
but also the corresponding first orbital and first radial
excitations. Among A states, our analyses with the consid-
ered spin parity may supply relevant information about the
states A(1520) with spin-parity J* = 3=, A(1690) with spin-
parity J* = 3, and A(1890) with spin-parity J* = 3* which
have the same spin-parity quantum numbers with the
considered states in the present work. Such analyses require
a nonperturbative method, and in this work, we apply the
QCD sum rule method [74-76] as it is among the successful
nonperturbative methods with predictions exhibiting good
consistency with experimental observations. To apply the
method, the main ingredient is a proper interpolating current
describing the considered state, which is composed of the
quark fields according to the valence quark content of the
state. We investigate the masses and current coupling
constants with two types of interpolating currents with octet
or flavor-singlet quantum numbers [65]. The comparison of
the results with the present experimental mass values helps us
understand the structure of these states, gain information
about the interaction mechanisms of the quarks in the low-
energy domain of the QCD, and may also contribute to future
investigations of missing states.

The outline of the present work is as follows: In next
section, the details of the QCD sum rule calculations for the
masses and current coupling constants of all considered
states are given. The numerical analyses for the results are
attained in Sec. III. Section 1V is devoted to the summary
and conclusion.

II. THE QCD SUM RULE FOR THE A STATES

Among the efficient approaches for elucidating the struc-
ture and properties of a particular resonance is determining its
mass by assigning a proper structure to the resonance. The
comparison of the computed mass results with experimental
findings significantly helps us understand their nature and
substructures. With this angle, our purpose in the present
work is to calculate the masses for the A states with spin—% and
both negative and positive parities. To accomplish this task,
we choose proper interpolating fields comprised of the quark
fields consistent with the valence quark content and quantum
numbers of the A states. To this end, we choose two types of
interpolating currents with octet and flavor-singlet quantum
numbers given as [65]:

1
ny = \/%eabc [Z(MQTCGK(;db)GKé]/ﬂSC + (u“TCaK(;sb)o"“syﬂdC - (d“TCGK(gsb)a’“syﬂuc],

1
77/&4 = \/;eabc[(uaTcakédb)o-K&Vysc - (uaTCGK(Ssb)o.mS},ﬂdc + (daTcakésb)Gkéy/d”C]' (1)
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In these currents, C denotes charge conjugation operator;
a, b, ¢ indices are used to represent the color indices of
the quark fields u, d and s, and o(s) in 7°(*) denotes octet
(singlet)-type current. These two currents are used in the
following correlation function to obtain the mass sum
rules,

wazg/fmwmvqum@wmm,m

where 7 represents the time-ordering operator.

The calculation of the correlation function, Eq. (2), is
performed in two ways called the hadronic and the QCD
sides, respectively. The results obtained from these two
sides are matched via a dispersion relation to obtain the
QCD sum rules for the physical parameters under quest.
These results contain various Lorentz structures, and in the
matching procedure, one equates the coefficients of one of
these Lorentz structures. The contributions coming from
the higher states and continuum are suppressed by the
application of the Borel transformation and continuum
subtraction operations to both sides.

In the hadronic side, the correlator is calculated treating
the interpolating currents as creation and annihilation
operators, which create or annihilate the considered states
from the vacuum. To proceed in the calculation a complete
set of hadronic states with same quantum numbers carried
by the interpolating currents is inserted into the correlation
function. Then, the integral over four-x is performed giving
the following result:

O | (g, 9)) (A (g, )] |0)

I (q) =

m— g
(Ol |N (g ) (N (. )l ]0)
m/2_q2
g(s) - A _O(S)
0 A ’ A ? v 0
o Ol (61:‘2))( (261 0
m*—q

where the explicitly presented terms denote the contribu-
tions of negative parity spin—% ground state as well as its
excitations with negative and positive parities, respectively,
and - - - shows the contributions of higher resonances and
continuum. |A(q, s)), |A'(g.s)), and |A(g, s)) correspond
to their one-particle states with respective masses m, m’,
and /1. The matrix elements in Eq. (3) are defined in terms
of current coupling constants and spin vectors, u,, in the
Rarita-Schwinger representation as

02 1A (g, 5)) = Aysu,(q. s),
O N (g, 5)) = Vysu(g. ),
O [A(q. 5)) = 2u,(g. 5)- (4)

Once these matrix elements are used in the Eq. (3), the
summation over spin is required to proceed, which has the
following form:

Zuﬂ(q’ S)ﬁy(‘b S)

N

1 24,9,
= _(Q/"_ m) |:gm/ - gyuyu - 3;:12 =+

qu¥v — ¥y
3m } - )

At this point we need to mention that the interpolating
currents that we use couple also to spin—% positive and
negative parity states with their corresponding matrix
elements given as

1+

ols 4q
O @) = (2 rsaans). - 6)

and

;_(q)> — 4, <yﬂ + jf") u(g.s).  (7)

Ol

respectively. From these matrix elements, it can be seen that
the coefficients of the Lorentz structures containing y,, and
q, get contributions from spin-% states also. To avoid these
contributions and to select the ones only coming from the
spin-% states, we make a proper choice of Lorentz structure
giving mere spin-3 states’ contribution. Using the above
relations, the result of hadronic side becomes

114 (q)
/12 1 zquU 4u¥v — 4
- q2 _ m2 (ﬁ_ m) |:g/u/ - g}//,t%/ - 3m2 - 3m
A2 1 29,9, Gutv — QY
+ L]2 — m,z (Q/_ ml) |:g/41/ - gyuyu - 3;;!/; -+ U?,m/ - ﬂ:|

;12 ~ 1 2quy qﬂJ/l/ - ql/}//l
+ q2 ) (g/+ m) |:g;w - 37,47@ - 3772 + 3

oo (8)

Asitis seen, this expression contain many Lorentz structures,
however, only g,, and ¢g,, structures are free from spin—%
pollution and give contributions only to spin—% states. In
principle, as the standard application of QCD sum rule
method, both of these structures can be selected to predict the
mass of the desired states. However, in our case, both of these
structures lead to roughly the same results. To this end, we
consider the structure g,, in our analyses to extract the
physical parameters of the states under study. Hence, we have

Had /12 /1/2
— !
I (q) = — 7 —m MGy — P —m"? M Guy
72
+ ———5 fitg,, + other structures +---.  (9)
q- —m
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After the Borel transformation with respect to —g2,
which is applied to suppress the contribution coming
from higher states and continuum, the final result
becomes

~ m? m’? ~ 2
BIT(q) = 22e"wmyg,, + A?e vwm'g,, — lze_mrhgw
+ other structures + - - - (10)

As for the QCD side of the calculation, the operator
product expansion (OPE) is applied, and the correlation
function is computed using the interpolating currents explic-
itly in Eq. (2). This gives a result in terms of quark fields, and,
applying Wick’s theorem, possible contractions between the
quark fields are obtained. So, the results turn into the ones
given in terms of the quark propagators. The corresponding
result for the octet current is provided here to exemplify the
form of the results,

. 1 , ; ~
H/?ED (Q) - l/d4xelq*geabcea’b’c’akﬁyﬂ {4SAC“C (x)y,,a,(,(;/Tr[Sf’ib (x>O-K’5’SZa (X)GK(S]

!

— 285 (x) 0,05 S99 ()05 S5 (x)7,6°% = 28 (x)605 85" (X) 6,584 (x) 7,657
— 28 (x)0,05 599 ()68 (x)7,6°% + S5 (X)7, 6,05 Tr[SPY (x) 6,05 54 (x) 5]
+ 857 (x) 6,05 S (%) 0,582 (x)y,6°7 — 2864 (x) 60559 ()65 S (x) 7,057
+ 85 (1)005 2 (1)0,684 (1)7,6°7 + S5 (x)7,0,05 TH[S2 (x) 005 5 ()], (11)
where S";“ represents CS;“/TC. The quark propagator for light quark has the following form in x space:
a . X my <QQ> .my x? _ .my lgsGZZ
qu(x) = 1271'2)64 5ab - 471'2)62 5ab - 12 I- ITX 5ab - @m(z)<qq> 1 - l?x 5ab - 3271’2)62 [Xﬁan + 0'917)(]
g o XHa9) (g6 m, XA 0
- : Sup — - 0 1 2 Gl oo 12
7776 <(’IQ> ab 27648 ab + 32”2 n 4 + YE|Ys abaﬁn ( )

In the light-quark propagator, Eq. (12), yg ~0.577 is the
Euler constant and A is the QCD scale parameter. The
calculation of this side is straightforward using this
propagator in the correlator. After the applications of the
Fourier and Borel transformations as well as continuum
subtraction, the result takes the following form:

50

BIRCP (5, M?) = / e wp(s)ds +T(M?), (13)

(mt4+md+ms)2

where p(s) and T'(M?) are the results obtained considering
the coefficient of the structure g, as in the hadronic side
and s is the continuum threshold parameter. Note that we
apply the quark-hadron duality assumption to omit the
suppressed contributions of the higher states and con-
tinuum from the hadronic side with their equivalent
contributions from the QCD side above the threshold sj.

The match of the coefficients of the selected structure
from both the hadronic and QCD sides gives the following
QCD sum rule:

m2 2 - 2 n
mA2e v +m'A*e v — i A% w? = BIIP (5o, M?). (14)

To extract masses and current coupling constants from
Eq. (14), we consider each state one by one and follow such

[

an approach: First, we calculate the mass for the ground
state from the first term in the left-hand side of Eq. (14),
keeping others in continuum, namely the ground state +

continuum frame. To get the mass of the ground state, after
1

taking the derivative of Eq. (14) with respect to — 5, we
divide this by Eq. (14) itself, i.e.,
- d] BHQCD(SQ,M2>
, A=)
- (15)

BICP (5, M?)

The mass predicted in this way is applied together with
Eq. (14), and the current coupling constant for this state is
attained as

2
22 = ew? BITCD (50, M?). (16)
The mass and current coupling constants for the excited
states are obtained similarly. To get results for the first
radial excitation, the first two terms in Eq. (14) are
considered, and the remaining term is treated to be inside
the continuum, which means ground state + first radial
(2P) excitation 4 continuum frame is applied using the
results for the ground state as input. And finally, the same
treatment is applied for the next excited state, namely the
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2S state; that is, ground state + first radial excitation +
2§ + continuum frame is now taken into account to get the
physical parameters for the 2S state. The numerical
analyses of the results for these states are given in the
next section.

III. NUMERICAL ANALYSES

The QCD sum rules, attained for masses and current
coupling constants in the previous section, are numerically
analyzed in this section with the necessary input param-
eters. Some of these parameters are given in Table I. The
parameters present in Table I are necessary but not the only
required parameters. Besides, the results contain two more
auxiliary parameters; the Borel parameter M? and the
threshold parameter s(. To be able to fix these parameters,
the QCD sum rules have some prescriptions that are
standard for the method. These are the weak dependence
of the results on these auxiliary parameters, the conver-
gence of the OPE, and pole dominance. By OPE con-
vergence, we mean the perturbative part exceeds the
nonperturbative contributions and the higher the dimension
of the nonperturbative operator, the lower its contribution.
Pole dominance guarantees the dominant contributions of

TABLE I. Some input parameters required for the numerical
analyses.
Parameters Values
m, 2.16105¢ MeV [33]
my 4675013 MeV [33]
my 934139 MeV [33]
(Gq)(1 GeV) (=0.24 £ 0.01)% GeV? [77]
(ss) 0.8(gq) [77]
m3 (0.8 £0.1) GeV? [77]
(a9,0Gq) mi(qq)
(%G?) (0.012 £ 0.004) GeV* [78]
TABLE 1II.

the considered resonances compared to the higher states
and continuum.

Indeed, the Borel parameter is fixed by the dominance of
the considered first three resonances over the higher states
and continuum, which sets its upper limit, as well as the
OPE convergence, which sets its lower limit. The Borel
mass intervals obtained considering these restrictions are
presented in Table II. In this table, we also present the
working intervals of the threshold parameters fixed by the
ground state 4+ 2P excitation 4 2§ excitation + continuum
approach, as explained in the previous section. First,
considering the relation of the threshold parameter to the
energy of the next excited state, we fix the threshold
parameter by ground state + continuum frame and get the
mass and corresponding current coupling constant for the
ground state, whose values are also present in Table II.
These results are used as inputs in the calculations of the
mass and current coupling constant for the next excited
state. To make this calculation, now the ground state + 2P
excitation 4 continuum frame is taken into account, and
similar to the previous calculation, the interval for the new
threshold parameter is determined. With this threshold
parameter interval, again, the mass and current coupling
constant for this excited state are obtained and presented in
Table II. Finally, the mass and current coupling constant for
the next excited state are obtained from ground state + 2P
excitation + 25 excitation + continuum frame, and the
threshold parameter interval for this new consideration is
decided in a similar way. With this new threshold interval,
the results for mass and current coupling constant in this
case are also obtained and given in Table II. The errors of
the results are presented in Table II, as well, and these errors
are due to the uncertainties present in the input parameters
and the determination of the working intervals of the
auxiliary parameters.

It is instructive to find the first three resonance’ con-
tribution (FTRC) at average values of the Borel parameter
and continuum threshold. It is defined as

The working windows of the Borel masses and threshold values and the mass and current coupling

constant results obtained using the octet and singlet currents for the A states with spin-% and different parities.

Results for octet current

A state M? (GeV?) 50 (GeV?) Mass (MeV) Current coupling constant (GeV?)
AUP =3)(1P) 3.0-4.0 2.7-2.9 1513.64 +8.76 (3.35 4+ 0.15) x 102

AP = %_)(ZP) 3.04.0 3.1-3.3 1687.91 £ 0.31 (2.05 £0.27) x 1072

AP = %+)(2S) 3.0-4.0 3.5-3.7 1882.37 £11.95 (2.08 £0.30) x 1072
Results for singlet current

A state M? (GeV?) 50 (GeV?) Mass (MeV) Current coupling constant (GeV?)
AUP =3)(1P) 3.0-4.0 27-2.9 1470.44 + 16.08 (4.85 4+ 0.20) x 102

AP = %_)(ZP) 3.0-4.0 3.1-33 1732.56 £ 11.55 (2.90 £0.39) x 1072

AP =30)(28) 3.0-4.0 3.5-37 184347 + 11.21 (3.00 + 0.41) x 102
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2.0 . . . . 2.0 . . .
1.8f : 1.8} 1
S 1.6f i S 1.6f 1
Q (]
g * : - * ¥ ¥ 2 ¥ ¥ g ¥ =" v " 4 " v
E 14} —eo— 50=2.9 GeV? 1 € 14¢ o M?=4.0 GeV? 1
— 2 2_ 2
12l Sp=2.8 GeV' ] 120 M<=3.5 GeV ]
—— 5=2.7 GeV? —— M?=3.0 GeV?
1.0 1 1 1 1 1-0 1 1 1
3.0 3.2 3.4 3.6 3.8 4.0 2.70 2.75 2.80 2.85 2.90
M?(GeV?) so(GeV?)

FIG. 1. Left: the dependence of the mass of the ground state A on M? at different values of s,. Right: the dependence of the mass of the
ground state A on s, at different values of M?>.
6 . . . . 6 . . .
—o— 50=2.9 GeV?2 —e— M?=4.0 GeV?
o $0=2.8 GeV? TS M?=3.5 GeV? ]
2 4 —— 50=2.7 GeV? 1 o 4f —— M2=30 GeV? ]
e 9
OI:°_3, v N - - e N N N e Al‘o-sr_*_vvv'vvvvvv"""v 4
X X
< <
2} 1 2 ]
1 1 1 1 1 1 1 1 1
3.0 3.2 34 3.6 3.8 40 270 2.75 2.80 2.85 2.90
M3(GeV?) so(GeV?)

FIG. 2. Left: the dependence of the current coupling constant of the ground state A on M? at different values of s,. Right: the
dependence of the current coupling constant of the ground state A on s, at different values of M?>.

2.2 T T T T 2.2 T T T
2.0} 1 2.0f 1
e 1.6f —e— $p=3.3 GeV? 1 & 1.6f —o— M?=4.0 GeV? 1
= 2 2_ 2
1.4l 50=3.2 GeV' 1 1.4} M?4=3.5 GeV' ]
—— $0=3.1 GeV? —o— M?=3.0 GeV2
1.2 1 1 1 1 1.2 1 1 1
3.0 3.2 3.4 3.6 3.8 40 310 3.15 3.20 3.25 3.30
M?(GeV?) so(GeV?)

FIG. 3. Left: the dependence of the mass of the (2P) exited state of A on M? at different values of s,. Right: the dependence of the
mass of the (2P) exited state of A on s at different values of M?.
5 ; ; ; ; 5 ; ; ;
—e— 50=3.3 GeV?2 —o— M?=4.0 Ge\?
4 $0=3.2 GeV2 1 ~ 4 M2=35 GeV? ]
% 3f —— S0=3.1 GeV/? ] % 3f —— M?=3.0 GeV? ]
) e
q q
2 2 {1 2 ZW
x - — v~ x
=< =<
1} S 1 ]
o 1 1 1 1 0 1 1 1
3.0 3.2 3.4 3.6 3.8 40 310 3.15 3.20 3.25 3.30
M*(GeV?) so(GeV?)

FIG. 4. Left: the dependence of the current coupling constant of the (2P) exited state of A on M? at different values of s,. Right: the
dependence of the current coupling constant of the (2P) exited state of A on sy at different values of M2,
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3.0 3.2 3.4 3.6 3.8 4.0 3.50 3.55 3.60 3.65 3.70
M4(GeV?) so(GeV?)

FIG. 5.
of the (25) exited state of A on s at different values of M?.

Left: the dependence of the mass of the (25) exited state of A on M? at different values of s,. Right: the dependence of the mass

5 5
—o— 50=3.7 Ge\/2 —o— M?=4.0 Ge\?
4 50=3.6 GeV? 4 M?=3.5 GeV2
2 3l —— 50=3.5 GeV?2 2 3l —— M?=3.0GeV2
o e
T T bE et
S 2f e ZW 0 " "
X v v v v v v v A v X
< <
1t 1t
o 1 1 1 1 0 1 1 1
3.0 3.2 3.4 3.6 3.8 40 350 3.55 3.60 3.65 3.70
M*(GeV?) so(GeV?)

FIG. 6. Left: the dependence of the current coupling constant of the (25) exited state of A on M? at different values of s,. Right: the
dependence of the current coupling constant of the (2S) exited state of A on s at different values of M?>.

ATTQCD 2
FTRC — M
B9 (oo, M2)

. (17)
By using the average values of the auxiliary parameters, we
find FTRC = 0.91 indicating that the main contribution in
the QCD side comes from the first three resonances and the
higher states contribute with only 9%. This well-satisfies
the corresponding requirement of the method. To depict the
behavior and stability of the results in the working intervals
of the auxiliary parameters, we present the Figs. 1-6 for the
masses and current coupling constants of all the considered
states. From these figures, we see good stability of the
results with respect to the auxiliary parameters. The mild
variations of the results with respect to the variations of
these parameters, seen in these figures, are reflected in the
errors of the predictions presented in Table II as mentioned
before.

IV. SUMMARY AND CONCLUSION

In the present work, among the light hyperon states, we
focused on the A state with spin-parity quantum numbers
J = %‘ and its excitations with negative and positive
parities. In the analyses, we especially targeted to account
for the A(1520) through its spectroscopic property,
together with to see whether any experimentally observed

state possessing the identical quantum numbers can be
explained via the results attained for the excited states. To
analyze these states, we applied the QCD sum rule method
with two possible currents that may define these states with
octet and singlet quantum numbers. From the analyses, we
got the mass values of the three lowest-lying states. The
results were obtained using the current with octet quantum
numbers as: m = 1513.64 £ 8.76 MeV for the 1P state
with J¥ = %‘, m’ = 1687.91 £ 0.31 MeV for the 2P state
with J? =3~ and /m = 1882.37 + 11.95 MeV for the 25
state with J¥ = %*. The mass values using current with
singlet quantum numbers were obtained as m = 1470.44 +
16.08 MeV for the 1P state with J© = %‘, m' = 1732.56 +
11.55 MeV for the 2P state with J* =37, and 7 =
1843.47 + 11.21 MeV for the 2§ state with J* =3*. In
other works present in the literature, the masses for the
lowest-lying A states with spin—% consistent with the ones
we search for in the present work were predicted. For
completeness and comparison with our predictions, we
present the results of some of these works here. In Ref. [7],
the masses for the lowest lying P-wave A states with
spin—% were given as m = 1490 MeV and m = 1690 MeV.
In Ref. [10], the masses for the same negative parity lowest
lying states were obtained as m = 1545 MeV and m =
1645 MeV for 57 states, and the mass was obtained as
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TABLE III.
quantum numbers J” = 3* in units of MeV.

The mass results of the present work and that of different works and experimental masses for the A states with spin-parity

Present work
(Results of

Present work
(Results of

octet current)  singlet current) [7] [10] [11] [50] [54] [55] [56] [59] [66] Experiment [33]
m(]P:%—) 1513.64 £8.76 1470.44 +16.08 1490 1545 1498 1490 1508 1549 1431 1534 1551.23 £0.43 1519
1544
m/(JP:%—) 1687.91 £0.31 1732.56 +11.55 1690 1645 1629 1690 1662 1693 1650 1819 1690
1841
ﬁl(JP:%+) 1882.37 £ 11.95 1843.47 £ 11.21 1900 1855 1823 1854 1896 1769 1890
1789

m = 1900 MeV for J¥ = %* positive parity state. The
spectral values were predicted in Ref. [11] as m =

1498 MeV and m = 1629 MeV for %‘ states and m =

1855 MeV for J* = %J’ state. In Ref. [50] the masses were

given as m = 1490 MeV, and m = 1690 MeV for 3~
states. In Ref. [54] the masses for spin-parity %‘ states
were attained as m = 1508 MeV, and m = 1662 MeV,
and for spin-parity %* as m = 1823 MeV. The masses were
given as m = 1549 MeV and m = 1693 MeV for %‘ states
and m = 1854 MeV for J¥ =3" state in Ref. [55]. In
Ref. [59] the mass predictions for J¥ = 3/2~ state corre-
sponding to A(1520) were calculated as m = 1534 MeV
and m = 1544 MeV, the masses for J* = 3/2 state given
for A(1690) were predicted to be m = 1819 MeV and m =
1841 MeV and the masses for JP =3/2% state for
A(1890) were predicted as m = 1769 MeV and
m = 1789 MeV. The mass values were given in
Ref. [56] as m = 1431 MeV, m = 1650 MeV, and m =
1896 MeV for A(1520), A(1690), and A(1890) spin-3
states, respectively. The mass for the 1P spin-% state was
given in Ref. [66] as m = 1551.23 £ 0.43 MeV.
Compared to the experimental findings, our predictions
obtained from the current with octet quantum numbers are
consistent with the masses of A(1520), A(1690) and
A(1890) states possessing mass values and quantum

numbers mA<]520) ~ 1519 MeV and JP == %_, mA(1690) ~

1690 MeV and J” =37, and my(i590) ~ 1890 MeV and
JP = %*, respectively [33]. Given the consistency of these
results with experimental observations, it is also pertinent
to compare them with the predictions of other studies. The
mass result obtained using the interpolating current with
octet quantum number in the present work for the 2P state
is consistent with that of Ref. [7] given for the excited state,
however, the 1P state is larger than their corresponding
result. Compared to the results of Ref. [10], our value for
the 1P state is smaller, and the 2P state is larger than their
corresponding predictions. In Ref. [11], the reported result
for A(1520) state is close to our prediction, but their
predictions for A(1690) and A(1890) are smaller than ours.
The results given in Ref. [50] are close to those of the

present work obtained for 2P and 2§ cases, and their result
corresponding to the 1P case is smaller than our prediction.
While the result we obtained for A(1520) is consistent with
that of Ref. [54], the results obtained for the other two states
in that work are smaller than the predictions of the present
work. The predictions for the mass of negative parity states
in Ref. [55] are larger, on the other hand, the positive parity
state is smaller than our corresponding predictions. In
Ref. [59], the mass predictions given for A(1520) and
A(1690) states are larger, and that for A(1890) is smaller
than ours. The reported masses for A(1520) and A(1690)
in Ref. [56] are smaller than our corresponding results,
while the result given for A(1890) is in agreement within
the errors with our prediction. To provide a more explicit
illustration of the aforementioned comparison, we present
the Table III listing the results from other methods,
experiment, and the results obtained from our analyses.

As is seen, though there are various studies in literature
with alternative methods about the A baryon with spin %
such as A(1520), A(1690), and A(1890), the discrepancies
among the results necessitate more such works to provide
further information over these particles. Studying the
properties of these states helps us better identify these
states, understand their nature, and interactions with other
particles. These studies may contribute to the understand-
ing of the underlying mechanisms of the interactions of
these particles with others and their role in various particle
physics processes. These investigations may help to gain
information about the spin structure of these particles and
the role of spin in their interactions with other particles and
also be used to test the validity of various theoretical
models in particle physics. Besides, these studies deliver
useful information that may be helpful to compare and
comprehend the results of future experiments related to
these baryons and their spin-parity quantum number
assignments.
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