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Bethe-Salpeter Eqution

With a kernel of effective interaction, we can solve the BS equation.
The amplitude satisfies the unitary relation exactly, and the
properties of hadron resonances generated dynamically can be
obained. These resonances do not appear in the effective
Lagrangian density.

T=V+VGT =[1-VG]V
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Hidden-gauge symmetry

* |n orde to construct the vector meson-baryon
octet interaction Lagrangian density, we

consider the SU(3) flavor local gauge
symmetry neglecting the mass term, and then

we obtain

L=—g{(B7.[v".B])+(B7.B)(V")}



Vector-vector Interaction
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Vector octet-baryon decuplet
Interaction

 Now | will discuss the interaction
between vector mesons and baryon
decuplet in the chiral unitary
approach. Because the interaction
Lagrangian is not known, we will try
to obtain the vector octet —baryon
decuplet interaction potentials by
comparing the pseudoscalar meson
— baryon decuplet interaction.



Interaction Vertex

When the momentum transfer is far less than the mass of the
vector meson in the propagator, we can neglect the square of the

momentum in the propagator. Therefore the t-channel interaction
between vector meson and baryon is obtained:




Anomalous Term
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u-channel and s-channel

* |n addition to the anomalous term, we also
neglected the contribution from s-channel
and u-channel interaction since we
thought their effects are small.




Vector meson — baryon loop function in the
dimensional regularization scheme
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Vector meson-baryon loop function accounting for
the width of the intermediate states
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Decay modes

Mass ( MeV ) Width ( MeV ) Decay mode Fraction ( )

p(770) 770 150 T 100%
w(782) 782 8.49 nta 0 89.1%
®(1020) 1020 4.26

K*(892) 892 50 Kr 100%
A(1232) 1232 120 N= 100%
¥(1385)° 1385 37 Am(Xm) 88%(12%)
=(1530) 1530 9.5 = 100%

Q 1672
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|=0 Channel
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S=-1, |I=0 Channel

R 2052 + 210

i e
X'p | 4241401 4.2
=K 20412010 2.0




S=-1, I=1Channel
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Resonance for S=-1,1=1 channel

1987 4 <1
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AK* | 42+i0.038 42 | —0.68—40.11 0.69 | —0.44 —i0.37 0.58
Stp | 144000030 14 | 43+i0.75 44 | —041 —il.l 1.2
S*w | 14490018 14 | —1344041 14| 14+i039 15
St | —2.1—40.027 21 | 1.9-40.63 2.0 | —2.2—i0.56 2.2
=*K* | 0.070 —i0.011 0.071 | 4.0+40.12 40 | 35—il.s 3.8




S. Sarkar, B. X. Sun, E.Oset et al., EPJA 44, 431 (2010)

a7 Theory PG data
pole positicn real axis name JF  status mass width
mass width
0,1/2 | 185045 1850 11 Nizoooy 172 + 15350-21580 95-414

N(zoany 3/2- ke 1E04-2051  180-450
b

2270(bump) Nizzooy &/z~ ik 1900-2228  130-400

0,3/2 | 1972 4449 1971 52 Aflgooy 172 ke 1850-1950  140-240
Af1940) 3/2- W 1940-2057  195-460

Af1930) 527 sewx 1OO02020  220-500

2200{ bamgp) A(2150) 127 “ 2050-2200  120-200

—1,0 | 205Z 4410 2050 1% [ A{2000) 7 W 1935-2030  73-1=0

—-1,1 | 1957 44l 19355 10 D10} 3/27 sewx 10001950 150-300

2145 4458 2144 57 L{zo00) 1)z W 1944-2004 116-413

23533 4473 2370 o0 F{23R0) 7t dedede  2ZI0OC22E0 0 60-150

T(2455) 77 ok 24BG4£10 100-140

—2,1/2 | 2214 44 2215 9 Z(2250) 7 ke 2180-2205  30-130
2305 466 2308 66 B(2370) 4 ke 2A56-2302  T5-30

2622 + 438 2512 G0 Z(2500) 7 W 2430-2505  BO-150

—3,1 | 2449 47 2445 13 [1{2470) 7t ke 2474412 T24+33

Table 1: The properties of the 10 dynamically generated resonances and their possible
PDG counterparts. We alzo include the N* bump around 2270 MeV and the A* bump
around 2200 MeV.



S. Sarkar, B. X. Sun, E.Oset et al., EPJA 44, 431 (2010)

Ten resonances In the different
strangeness and isospin channels.
Degenerate in JP=1/2-, 3/2-, 5/2-.



Vector-baryon octet interaction

« E.Osetand A. Ramos, EPJA 44, 445 (2010).

I8 Theory PG data
pole position Teal axis i
mass  width | name JU staktus mass width
/2.0 — 1686 92 | AN(LESD)  1/2- w4 1EB45-16T0 145183
NIV 372 s 1ESD-ITS0 BO-1E5O0
1977 + 83 1972 64 | V(2080 Es2- - s2 2080 180-450
N 170 & s2 2000 100-400
0,—1 ITa4 +id | 1783 a ACLEEDY 3727 wess 16E5-1695  50-70
ACLRBOOY 1727 s 1T20-1830  200-400
1907 4470 1900 54 | A(Dooop 77 * F2 2000 TR-240
2158 4013 ] 2158 23
1, -1 — 1830 42 P E(ITH0) 12~ s 1T30-1800  GO-1G0
— 1987 240 | (19407 5/2- s 1900-1930  150-300
B0y 1/2- * F2 2000 100-450
1/a,—2| 20204067 | 2030 &4 | EZf1osop 77 #x4 1950+ 15 @120
2083 4031 | 2077 29 | =210 77 * 72 2120 25

Table 5 The properties of the 9 dynamically generated resonances and their possible PDG

oounterparts.



Tensor coupling between vector
meson and baryon octet

« K. P. Khemchandani, H. Kaneko, H. Nagahiro and A. Hosaka,
PRD 83, 114041 (2011).

In this article, a tensor coupling term between vector meson and baryon
octet is added, which is relevant to the magnetic moments of the baroyns,
and is also gauge invariant.

Lyg = _Lﬁ{{i}?g[\’f”rﬁ]} + (By, BXV*")

| o . - .
b (FB V2, BY + DiBor, (ve, BY)]



K. P. Khemchandani et al.,PRD 83, 114041 (2011)
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K. P. Khemchandani et al.,PRD 83, 114041 (2011)

e |n addition to t-channel, the s-channel,u-channel
and contact interaction are taken into account,
and a non-relativistic interaction potential
between vector meson and baryon octet with
strangeness S=0 Is obtained.

 When u-channel and s-channel are taken into
account, the hadronic resonances generated
dynamically with different spins are not
degenerate again.




Results for Strangeness S=0

« S=0 K. P. Khemchandani et al.,PRD 83, 114041 (2011)

Pole positions Corresponding known states
1637 — i35 MeV N*(1700)D 5
2071 — 170 MeV N*(2080)D 4
1977 — i22 MeV N*(2090)5,
2006 — 112 MeV A(1900)8 4,

o [=1/2,S=0, E. Oset and A. Ramos, EPJA 44, 445 (2010).

i.5 Theory PDG data
pole position real axis
mass  width name J¥ status MAES width
1/2,0 — 1656 o NUIGS0Y 172 ssss 16451670 145-185

N0 372 % 16S0-1730 50150
1977 +i33 | 1972 64 | N(20a0y 3/2- * F2 2080 180-4350
N0E0) 12— * F2 2000 100-400




Fixed Center Approximation of
Faddeev Equation
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Fixed Center Approximation of

Faddeev Equation
Ty =t + t1GoTs
Ty = to + toGpTh
=17+ 15
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T, =t + t1GoT;
T =T



N-rho-rho system
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Two-body N-rho interaction
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S-Matrix

e Single scattering
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Three-body Amplitude
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G function with A=875MeV
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Three-body Amplitude
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M =2227MeV, |l =—,J =§0|’§,Parity=—|—
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Decay width of {,(1270)—TrT
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N-rho-rho Amplitude with f, width
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Delta-rho-rho

l [=5 [=3/2 [=1/2
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Two-body Delta-rho Amplitudes
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3-body Amplitudes of Delta-rho-rno
with decay width of ,(1270)

A = 875MeV
r,.=157MeV

[T [MeV]
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B. X. Sun, H. X. Chen and E.Oset,EPJA 47 (2011) 127

e Peak around 2227MeV for N-rho-rho
e Peak around 2372MeV for A-rho-rho

A(2390), Jng



Form factor of f,(1270)

0,*(X) 9, (X) :%Gmw ()

X+ X'

R =

F=X-X

N | T



Form factor of f,(1270)
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Form factor of f,(1270)
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