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Abstract: The interaction kernels between vector mesons and octet baryons are calculated explicitly with

a summation of t-, s-, u- channel diagrams and a contact term originating from the tensor interaction.
Many resonances are generated dynamically in different channels of strangeness zero by solving the

coupled-channel Lippman-Schwinger equations with the method of partial wave analysis, and their total
angular momenta are determined. The spin partners N(1650)1/27 and N(1700)3/27, N(1895)1/2~ and
N(1875)3/27, and the state N(2120)3/2™ are all produced respectively in the isospin I =1/2 sector. In
the isospin I =3/2 sector, the spin partners A(1620)1/2™ and A(1700)3/27 are also associated with the
pole in the complex energy plane. According to the calculation results, a JE =1 /27 state around 2000

MeV is predicted as the spin partner of N(2120)3/2.
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1 Introduction

The combination of chiral Lagrangian with non-
perturbative unitary techniques in coupled channels
of mesons and baryons has become a powerful method
to study the meson-meson and meson-baryon interac-
tions and new states in the resonance region, which are
not easily explained using the conventional constituent
quark model. The theory on the hidden gauge symme-
try supplies a mechanism to include vector mesons in
the chiral Lagrangian[lfs]. Therefore, the study on the
interaction between vector mesons and other hadrons
becomes possible. Along this clue, the dynamically
generated resonances from pseudoscalar meson-vector
meson interaction are discussed by solving the coupled-
channel Lippman-Schwinger equations[G] Similarly,
the interaction between vector mesons are also studied
and some resonances are produced[Ls]. In the baryon
sector, the interaction of vector mesons and decuplet
baryons is addressed in Refs. [9-10], where only t- chan-
nel amplitudes are analyzed in the S-wave approxima-
tion. This method is also extended to study the in-
teraction of vector mesons and octet baryons, and sev-
eral baryon resonances have been found as a result
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of solving the coupled-channel Lippman-Schwinger
equations“lfl?ﬂ, However, the resonances generated
dynamically are spin degenerate since the amplitude
obtained from t- channel interaction is independent
of spin. Because the masses of vector mesons are
comparable to those of baryons, only t- channel dia-
grams might be incomplete to obtain a reliable inter-
action of vector mesons and baryons. Thus in Ref. [14],
the t-, s-, u- channel diagrams and a contact diagram
originating from the tensor term of the vector meson-
octet baryon interaction are all taken into account,
and four spin-determined resonances are found in a
non-relativistic approximation of the coupled-channel
Lippman-Schwinger equations.

In the present work, we deduce the interaction
kernel of vector mesons and octet baryons including
a vector meson exchange in t- channel, octet baryon
exchange in s-, u- channels, and a contact diagram
related only to the tensor interaction term in a fully
relativistic framework, and then calculate the scatter-
ing amplitudes of vector mesons and octet baryons by
solving the coupled-channel Lippman-Schwinger equa-
tions. The amplitude of the vector mesons and octet
baryons will be expanded in terms of partial waves,
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and then the poles of the amplitudes in different par- where B is the SU(3) matrix of octet baryons
tial waves are detected in the complex energy plane
in center of mass system, which can be associated to 1 A+ 1 50 5+ p
some well-known resonances. V6 V2
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The Lagrangian including the self-interaction of
vector mesons can be written as
== =0 _ 3 A
1 = =
Ly = =5 (V*"Vuw) (1) 3
and M is the mass of the nucleon.
where the symbol () stands for the trace in the SU(3) .
o For the singlet states we have
flavor space and the tensor of vector mesons is given
by Cv , 5
VY = 9RVY — 9V VH —ig[VH, VY], (2) LvisB =—9{7<BMB><V0“>+

. Cr =

with a m(Bawvg‘”m}. (8)

AT ®3)
fr = 93 MeV the pion decay constant, and My the
mass of the p meson. The vector meson field V), is
defined by the matrix

P+w V2t V2K

V2p~ V2K

—po—l-w

V2K* V2RKY V26
The interaction of Ly leads to a three-vector vertex
form

Ly =129((0u Ve — 0,V )V*VY) | (5)

which will contribute to the t- channel of the vector
meson-octet baryon interaction.

The Lagrangian for the vector meson-octet baryon
interaction due to the SU(3) hidden gauge symmetry
can be written as

Lvp Z—Q{F\/(B%L V¥, Bl)+ Dy (Byu{V",B})+

(BruB)(V") -+ o7 (Fr{Bow [V Bl) +

4M
Dr(Boy (V. BY)) | (6)

The kernels for the t-, s-, u- channel and contact
interactions between vector mesons and octet baryons
can be obtained from the interaction Lagrangian in
Egs. (6) and (8). If the momentum of the initial vec-
tor meson is similar to that of the final vector meson,
the momentum transfer is trivial null approximately,
and then the t- channel interaction can be written as

Vi =— %(U(m,Az)Fu(m,pl)U(m,)\l)><

(¢} +d4))e(qr,61) € (q2,02), 9)
with the vertex
I'(p2,p1) = giv" + g2(py + pl). (10)

The coupling constants g1 and g2 for different octet
baryons and vector mesons can be obtained accord-
ing to the SU(3) symmetry. In the above equation,
U(p1,A1) and U(p2,A\2) are the wave functions of
the incoming and outgoing baryons, and e(q1,d1) and
€*(q2,92) are polarization vectors of the initial and fi-

[15], However, if the difference

nal mesons, respectively
between g2 and ¢1 is taken into account, an additional
part in Eq. (11) must be supplemented in the t- chan-

nel interaction of vector mesons and octet baryons.

2 = *
‘/stupp,ij :Tg{ [U(an)‘Q)F# (pQ,pl)e,u(QQa62)U(p17>‘1)] q2 '€(q1751)+

{U(p2,22)T 1(p2,p1)e" (q1,61)U (p1, M) } 1 '6*(q2,52)}

(11)

In addition to the t- channel mechanism, the u- channel and s- channel mechanisms depicted in Fig. 1 are

also considered in this work. The s- channel interaction of vector mesons and octet baryons can be written as

Vi =U(p2,\2)I" (p2,p1+q1)e),(q2,62)

p1+d1+M

s—M?2

I (p1+q1,p1)ev(q1,61)U(p1, M) (12)
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with s = (p1+¢1)?, while the u- channel interaction is
u 7 - M v *
Vij =U(p2,A2)I" (p2,p1 —Q2)€M(Q1,51)(p]fl_ qf;;_ 7z X (101 —42)e0(92,62)U (p1, M) - (13)

Since the three-momenta of vector mesons and
octet baryons are far smaller than their masses in the

concerned energy region, we make an approximation

Vi (@ v, v (b) Vi
B, B, B; B,
B, B B, B,

Fig. 1 Feynman diagrams of the vector meson-baryon

of (p1 —q2)? = M? +m3% —2Mims in the propagator in
Eq. (13), where M; and mga are the masses of initial
octet baryons and final vector mesons, respectively.

The contact interaction of vector mesons and octet

baryons is obtained as

Vi?T :_iC%TQU(pQ,>\2)€Z(q2,52)0“”><
ev(q1,01)U(p1, A1) -

interaction. (a) t- channel, (b) u- channel, (c) s-

(14)

channel, and (d) contact term.

Al her, th 1 kernel of th -
together, the total kernel of the vector menson The amplitude can be obtained by solving the

octet baryon interaction can be written as . . . .
Y coupled-channel Lippman-Schwinger equations in the

Vij(8,8) = Vi 4+ Vippij + Vi + Vs + VgT . (15) on-shell factorization scheme,

V(/3,cos6) |
(16)

which is a summation of the t-, s-, u- channels and

T(v/s,co80) = [1 -V (y/s,cos0) G(s)]

contact interaction.

which is a function of the total energy /s in the center of mass system and the scattering angle . In Eq.

(16), G(s) is the propagator of a vector meson and a baryon, and it can be calculated explicitly in dimensional

regularization[16]

d*q 1 1 _2M,
(2m)* (P—q)2— MpP+ie q2—m?+ie  16m2

M2
{az<u)+ln u; +

mi—M7+s . m}
In

2s Ml2 +

Gu(s) =i2M, J

% [hl(s— (M7 —mi) +2@1v/s) +In(s+ (M7 —mi) +2q@v/s) — In(—s+ (M{ —mi) +2q1V/5) —

ln(—s—(M?—m?)H@ﬁ)” , (17)

with p a regularization scale, which is taken to be 630 MeV, and with a natural value of the subtraction constant
a;(pn) = —2, as determined in Refs. [11, 16].
In Eq. (17), ¢ denotes the three-momentum of the vector meson or the octet baryon in the center of mass

frame and is given by

_ A2 (s, m?, M?) Vs=(Mi+m)?y/s— (M —my)?
(Il— 2\/5 - 2\/§ 9’

(18)

where ) is the triangular function and M; and m; are
the masses of octet baryons and vector mesons, respec-
tively.

The experimental values on coupling constants of
vector mesons to octet baryons are taken from Ref. [17].
Thus we can fit the parameters Fy, Dy and Cy in the
Lagrangian with these data, and we set the parame-

ters Fr, D and Cr related to the tensor terms to be
equal to Fy, Dy and Cy, respectively. The values of
these parameters are listed in Table 1.

Table 1 The parameters used in the calculation.
Fy Dy Fr Dr Cy Cr
1.6405 0.2225 1.6405 0.2225 —5.144 —5.144
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3 Partial wave analysis

We set [, j and p the orbital angular momentum,
the total angular momentum and the orientation of to-
tal angular momentum of the initial vector meson, I’,
4" and p’ those of the final vector meson, and J the to-
tal angular momentum of the system, and then in the
S-wave approximation of partial wave analysis, the fi-

(o /|Tp.v)
l,j,J,M

=<1,%;p',V'%7p’+v'> I=1/2 1

1,1;0,0

= 1 3
T (gl 540 (

J=1/2
T1,1;o,/2 <1’ B

1 1
<17§;p,V’§7P+U> (47_[

nal state with the orbital angular momentum I’ =0 is
studied. Since the parity is conserved, the contribution
from the initial state with the orbital angular momen-
Thus the
scattering amplitudes can be expanded in terms of the
total angular momentum J of the system, the orbital
angular momentum [ and the total angular momentum

tum [ = 0,2 must be taken into account.

| j of the initial vector meson.

2l4+1

1 1 _ 1/2
Z <1,5;p’,y’|J,M>T1‘],j;o7l<J,M|j,5,p,l/><l,1;07P|J,P> <47_()

1/2+<1 l /V/‘§ ,+V/>X
727[)’ 2ap

1\ 1, g1,
47_[) +<17§7p71j|§’p +V>X

4 2 2

1/2
ol gt )2 100l10) (5 )+ (Lgis /|50 )

1

47 2

1/2
TR L1/ 2 3242 1500010) () (Luginl |56/

J=1/2
1,2;0,2

where p and p’ denote the orientations of spins for
the inial and final vector mesons, and v and v’ the
orientations of spins for the inial and final baryons,
respectively.

Five amplitudes with different spin states of
the initial and final vector mesons and octet
baryons need to be calculated in order to obtain
the values of amplitudes Tl{lz;(l))/g, TlJ’lz;g’/OQ, TlJl:é/;,
T1J, 1:3/22 and T1J7 2:3/22 . We choose the amplitudes
(1,1/2|T|1,1/2), (0,1/2|T]0,1/2), (-1,1/2|T|-1,1/2),
(1,—1/2|T|0,1/2) and (0,—1/2|T|—1,1/2) to obtain
these values when the spin symmetry is taken into ac-
count.

When a pole of the amplitude TJ{ jsir,1 1s produced
in the complex plane of /s, not only the mass, the
decay width, the parity and the total angular momen-
tum J of the corresponding resonance are determined,
but the detailed information on the orbital and total
angular momenta /,j and I’,5" of the initial and final

(2 L u|§ +1)(2,1;0,p(2,p) 53
72’p7 27p R ’p 7p 47{ b

(19)

vector mesons to generate this resonance can also be
obtained.

4 Result and discussion

The couplings of these resonances to vector
mesons and octet baryons are different when the quan-
tum numbers (j',7,1’,1) take different values. In fol-
lows, we only calculate their coupling constants to dif-
ferent vector mesons and octet baryons in the chan-
nel of I =1' =0, i.e., 5 = j' = 1. The couplings
of the resonances to different channels for the
(1,J,5,5,I',1) = (1/2,1/2,1,1,0,0) sector are shown in
Table 2. It is apparent that the poles at 1715+i4 MeV
and 1728410 MeV couple strongly to the &N channel,
while the poles at 1855+i1l MeV and 1868+i6 MeV
couple strongly to the K*A channels. For the two poles
around 2000 MeV, at the positions of 1982+4i4 MeV
and 1999+i5 MeV, mainly interact with the K*¥ chan-
nel.

Table 2 Pole positions and coupling constants to various channels of resonances found in the isospin I =1/2

and spin J =1/2 sector.

Pole positions pN wN SN K*A K*%

1715+4i4 MeV —0.60—i0.28 0.43—i0.03 4.29—-i0.05 —1.98—i0.08 0.184-i0.03
1728410 MeV 0.0—i0.63 0.0+i0.40 0.0+i7.42 0.0—i3.03 0.0+i0.37
1855+i1 MeV —0.14—i0.14 —0.31-i0.32 1.52—i0.01 4.504-i10.00 1.85+i0.03
1868+i6 MeV —0.13—i0.14 —0.31-i0.37 1.26—i0.07 2.99—i0.06 1.534i10.02
1982+i4 MeV 0.10+4i0.27 —0.03+i0.02 —0.28—i0.19 —1.01-i0.17 5.62—i0.18
1999+i5 MeV 0.07#i0.21 —0.02+10.02 —0.20:-i0.16, —0,59—i0.12 2.75—10.12




. 188 - [ S R 7/ B N I 7

¥ 32%

The couplings of the resonances to different channels for the (1,.J,5",4,1',1) = (1/2,3/2,1,1,0,0) sector are
listed in Table 3. Comparing with the (I,.J,5’,5,0',1) = (1/2,1/2,1,1,0,0) sector, we can see both J =3/2 and
J =1/2 resonances are generated dynamically at the same positions of the complex plane of /s, i.e., 1715+i4 MeV,
1868+i6 MeV and 1982+i4 MeV. Furthermore, the couplings of some J = 3/2 resonances to different channels
take the same values as those of the J=1/2 case, especially at the positions of 1715+i4 MeV and 1868+i6 MeV.

Table 3 Pole positions and coupling constants to various channels of resonances found in the isospin [ =1/2

and spin J = 3/2 sector.

Pole positions pN wN SN K*A K*X

1715+i4 MeV —0.60—10.28 0.43—10.02 4.29—10.05 —1.98-i0.08 0.184-i0.03
1868+i6 MeV —0.13—i0.14 —0.31-i0.37 1.26—10.07 2.99—i0.06 1.534i0.02
1982+i4 MeV 0.05+4i0.13 —0.01+i0.01 —0.14—i0.10 —0.51—i0.08 2.81—i0.09
1999+i5 MeV 0.074i0.21 —0.02+i0.02 —0.19—i0.16 —0.59—-i0.12 2.75—i10.12
2045+i25 MeV 0.02410.48 —0.25+i0.10 —0.21-i0.48 —0.66—10.59 3.03—10.46

The poles at 1982+i4 MeV, 1999+i5 MeV and 2045+i25 MeV all couple strongly to the K*X channel, and
their couplings to different channels are similar to each other. It implies that these three poles might correspond

to one resonance.

In Table 4, the resonances and their association to known states are summarized.

Table 4 The properties of the dynamically generated resonances with isospin I =1/2 and their possible Particle

Data Group(PDG) counterparts.

J Theory PDG data
Pole positions Name and J¥ Status Mass Width

1/2 17154i4 MeV N(1650)1/2— oK 1645 ~1670 MeV 120 ~ 180 MeV
3/2 1715414 MeV N(1700)3/2~ kK 1650 ~ 1750 MeV 100 ~ 250 MeV
1/2 1728+i0 MeV

1/2 1855+i1 MeV

1/2 1868+i6 MeV N(1895)1/2~ *x ~2090 MeV 100 ~ 400 MeV
3/2 1868+i6 MeV N(1875)3/2~ kK 1820~ 1920 MeV 160 ~ 320 MeV
1/2 1982+i4 MeV

3/2 1982+i4 MeV N(2120)3/2~ ** ~2120 MeV ~ 300 MeV
1/2 1999+i5 MeV

3/2 1999+i5 MeV

3/2 2045+i25 MeV

The state N(1700)3/27 could be associated with
the resonance we find with the same quantum number
at 1715+i4 MeV in the (I,J)=(1/2,3/2) case. There
are two resonances N(1700)3/2~ and N(1685)?” in the
same energy region of PDG data, while the total an-
gular momentum J and parity of the latter are not
determined. Since the state N(1685)?° does not gain
status by being a sought-after member of a baryon
anti-decuplet, we tend to assume the pole appeared at
1715+i4 MeV might be the resonance N(1700)3/27.
We also find the resonance at 1715+i4 MeV in the
JP =1/27 sector, and this J© =1/27 states could cor-
respond to the N(1650)1/27, which could be the spin
partner of the N(1700)3/27. Our calculation shows
the N(1650)1/2™ couples strongly to the ¢N and K*A
channels. At this point, it is different from the results
obtained in Ref. [11], where the coupling constant to
the channel pN is the largest.

In the J = 3/2 sector the poles at 1868+i6 MeV
and 1982-+i4 MeV could correspond to the resonances
N(1875)3/27 and N(2120)3/27, respectively. These
two resonances had been labeled as one resonance
N(2080) before the 2012 PDG Review!".

In the region above 1800 MeV, only one resonance
N(1895) is listed with JP = 1/27 in the PDG data,
which appears in the PDG review as N*(2090) Si1
before 2012, Although an estimated mass value
of the state N(1895)1/27 about 2090 MeV is listed
in the PDG review[l], the newest multichannel anal-
ysis manifests the mass of this state is 1895 MeV
in Ref. [18], which is close to the mass of the state
N(1875)3/27. Thus we treat the N(1895)1/27 as a
spin partner of the N(1875)3/27, and assume the pole
at 1868 +i6 MeV in the J = 1/2 sector could corre-
spond to the N(1895)1/27.
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In addition, a high peak is also found at 1982+
i4 MeV in the J = 1/2 sector, and no counterpart is
listed in the PDG data. It might supply a clue to look
for the resonance around 2000 MeV experimentally,
which might be a spin partner of the N(2120)3/2~
and couple strongly to the K*Y channel as listed in
Table 2.

For the case of (I,J) = (3/2,1/2) there is one state
in the PDG, the A(1620)1/27, which has the spin part-
ner A(1700)3/2~ with J© =3/27. These two states
could be associated with the pole at 1654+i11 MeV,
which appeared both in the J=1/2 and J = 3/2 sec-
tors by the method of partial wave analysis in Eq. (19).

We find a narrow peak at 1758+4i0 MeV in the
J=1/2 and J = 3/2 sectors, and its couplings to pN
and K*Y are smaller by far than those of other states.
We suspect it could be a cusp. The poles and their
coupling constants to various channels in the J =1/2
and J = 3/2 sectors are listed in Tables 5 and 6, re-
spectively.

In Ref. [11], no resonance is found in the channel
of isospin I = 3/2 and strangeness zero since only t-
channel is taken into account, which supply a repulsive
interaction between vector mesons and octet baryons.
However, our calculation results manifest some reso-
nances can be produced dynamically in the I = 3/2
sector when we take into account the other interac-
tion modes besides t- channel, especially the contact

term between vector mesons and octet baryons. At
this point, our results are consistent to those in Ref.
[14].

Table 5 Pole positions and coupling constants to var-
ious channels of resonances found in the isospin
I'=3/2 and spin J =1/2 sector.

Pole positions pN K*%
161941160 MeV 0.87—i2.64 4.93—i4.95
1654+i11 MeV 3.04+i0.40 12.35+i0.04
1680+i163 MeV —1.14—-i0.87 4.09—13.72

1726+19 MeV 1.34+i0.41 8.89+i0.01

1758410 MeV 0.00+i0.57 0.00+i2.08
1780+i14 MeV 0.68+i0.27 6.45+i0.05

Table 6 Pole positions and coupling constants to var-
ious channels of resonances found in the isospin
I'=3/2 and spin J =3/2 sector.

Pole positions pN K*X
1619+i160 MeV 0.43—i1.32 2.47—i2.48
1654+i11 MeV 1.52+4i0.20 6.174i0.01

1726419 MeV 0.67+i0.21 4.454i10.01

1758+i0 MeV 0.00+i0.44 0.00+il.11

The states found in the I = 3/2 sector are sum-
marized in Table 7, where the properties of the possi-
ble counterparts are also listed. Except the states at
1654+i11 MeV with J=1/2 and J = 3/2, there are not
PDG counterparts associated with the other states.

Table 7 The properties of dynamically generated resonances with isospin I =3/2 and its possible PDG coun-

terparts.
J Theory PDG data
Pole positions Name and J¥ Status Mass Width

1/2 1619+i160 MeV

3/2 161941160 MeV

1/2 1654+i11 MeV A(1620)1/2~ oAk 1600 ~ 1660 MeV 130 ~ 150 MeV
3/2 1654+i11 MeV A(1700)3/2~ HHoHk 1670 ~ 1750 MeV 200 ~ 400 MeV
1/2 168041163 MeV

1/2 1726419 MeV

3/2 1726419 MeV

1/2 17584i0 MeV

3/2 17584i0 MeV

1/2 1780+i14 MeV

As a conclusion, in the I = 1/2 sector, the
poles found at 1715+i4 MeV with different J in the
complex energy plane might correspond to the states
N(1650)1/27 in the J = 1/2 case, and its spin part-
ner N(1700)3/27 in the J = 3/2 case. Similarly,
the poles at 1868+i6 MeV with J = 1/2 and J =
3/2 could correspond to another pair of spin part-
ners, N(1895)1/2™ and N(1875)3/2™ respectively. The

N(2120)3/27 could be associated with the pole at
1982+i4 MeV in the J =3/2 case. However, the spin
partner of N(2120)3/27 is absent in the PDG data,
and we predict that there should be a state around
2000 MeV in the J =1/2 case, which should be associ-
ated with the pole at 1982+i4 MeV with J=1/2 as a
spin partner of the state N(2120)3/27. In the [ =3/2
sector, we also find some poles in the complex energy
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plane, and we assume the spin partners A(1620)1/27
and A(1700)3/27 could be associated with the poles

at 1654+i11 MeV in the J =1/2 and J = 3/2 cases.

Some resonances are well fitted with the states listed
in the newest review of PDG[I], while others might
supply some hints for the experimental observation in
these energy regions in the future.
Acknowledgments SUN Baoxi thanks the useful
discussion with E. Oset, GENG Lisheng and CHEN
Huaxing .
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%J\riglyl)a %ﬁ%lﬂ EHJ%KQ
(1. Jbat Tl K24 A 2% B, b 1001245
2. WNERZFRER, AR 610065 )

HE:

FrRT o, s, ndMEKERNEEARE R BEBTAREANTHETFAESZF 40 R B

TR, EQRSMWEERT, KB THEENTLE HESTR, AR T NFERNFTFHS =0, FfLRK
HI=1/2WF FHIRAN(1650)1/2~ F1N(1700)3/27, N(1895)1/2~ #uN(1875)3/27, N(2120)3/27, LK EfL
T =3/20EFHIRAA1620)1/27 FoA(1700)3/2 & REKE. A EFER. A5 HHERX
B, 7£2000 MeV fiiF % J =1/27 th N(2120)3/2 B3R A.
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