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|. General discussion on dynamically generated
resonances s.s., E. Oset, M.J. Vicente Vacas, NPA 750 (2005) 294 and
Eur.Phys.J.A24 (2005) 287

® Introduction
® Unitary coupled channel formalism

®» Resonances observed in different channels

ll. Detailed study of the resonance ss. E. Oset,
M.J.Vicente Vacas, PRC72 (2005) 015206 and L.Roca, S.S., V.K.Magas, E Oset (in

preparation)
® |[mprovements; addition of extra channels, etc.

® Determination of unknown parameters and couplings

® Predictions and comparison with experimental data
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Intr oduction

o .

# Chiral Dynamics + Unitary Coupled Channels
Successful prediction of s-wave baryon resonances.

# s-wave scattering of the pion octet  with the nucleon

octet
Dynamical generation of baryon
resonances
»
» o
» o
9 »
o

o -
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Intr oduction

f # What about d-wave baryon resonances? T
In d-wave has too many unknown termsin PT
No predictivity!

# But, these d-wave resonances couple in s-wave to the
baryons decuplet and the  mesons octet. If
these s-wave channels are dominant the resonances
could appear in the s-wave scattering of the baryons
decuplet and the mesons octet.

s-wave implies PT is more predictive!

® |n fact some of these d-wave resonances
( ) have large decay
branching ratios to channels even when IS

favoured by phase space!

o -
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Formulation

o .

Lowest order chiral Lagrangian (Decuplet - Octet interaction)

the baryons decuplet and the covariant derivative

with a single coupling constant

We write where

o > -
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Formulation

o .

We will consider only the part of the interaction and
the limit, so that
Y - -

Z _
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Formulation

o .

For a meson of incoming (outgoing) momenta we get
for the - transition amplitudes,

This Is used as kernel of a coupled channels Bethe
Salpeter equation

S s e Ny
- .
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Formulation

'y —

Using dimensional regularization

_{ - -
. M Na M
M va M

NN

with unknown parameters for which the "natural size is
corresponding to a cut-off of 700 MeV.

-
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Formulation

-

decomposition:

Projection on to basis: >

Strength is proportional to:

# strong attraction in octet, followed by decuplet
# weak attraction in 27, repulsion in 35

We then solve the BS equation and look for poles in the
complex plane. In the limit we get two poles, one
each for the octet and decuplet representations

-
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Results: Trajectories of Polesin the Complex Plane

-

f Two bound states in the limit
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Polesin the Complex Plane
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.

# |t is mandatory to add these channels to our scheme

A
=

In our treatment so far with the and In coupled
channels the IS generated dynamically with a
large coupling to the channel.

It appears about MeV higher in mass and is about
times broader than the nominal width which is MeV.

This large width is a consequence of the fact that the
pole appears above the threshold.

However, the width of the comes essentially
from the decay Into ( %) and ( %)

-
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A
=

Other channels like  and could also contribute
but their in uence will be in the mass and not the width.
In any case the position (mass) can be ne tuned
through the subtraction constants.

The lowest partial wave in which the channels and
can couple to spin parity IS

We will couple these channels in -wave to the
channel and not to the which is far away from the
region of in uence

We will also introduce the  width in the meson baryon
loop function since the threshold is very close to
the peak of the J



-

Coupling of

where

so that

.

-wave channels:

\\R p //
\\\ k ////
d-wave "~ _ 7 s-wave
N (1/2,m) S* (3/2,M)
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\
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i

L7

S* (312,M) N (1/2,m) S* (312,M)

/_

2

® Angular integration of the two
® Orthogonality of the Clebsch Gordan coef cients

® On-shell factorization of vertex

Dynamically Generated
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fWith the

matrix given by

where , and

—

we can continue with the formalism as in ordinary -wave scattering.
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A

-

To take the  width into account we fold  with the
spectral function of the

=

where

o -
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A

=

Using as the kernel and the loop function  we use the coupled channel

BS equation to get the amplitudes for and

From a t to the experimental amplitudes we nd the unknown
parameters , , , in the  matrix and the subtraction
constants , In

We get the following values

MeV MeV MeV MeV MeV

o -
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o -

Dynamically Generated — Resonances from Baryon Decuplet-Meson Octet Interaction — p.20/4!



pS — KN
T | T | T
oo 0.03f ] 0.03
< 1 0.02f 4 0.02
g 0 0.01f 4 0.01
=~ -0.02 N e 0
— -0.01F -0.01
-0.04 I
& 0.02F 0.02
-0.06 003- ., Y, -0.03
1450 1500 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600
O 0.1 T | T | T 0.1 T | T | T
< -0.02} 0.08} - 0.08} -
% L L ] L ]
é -0.04 _— 0.06 _— —_ 0.06 _— —_
— -0.06 _— 0.04 _— —_ 0.04 _— —_
£ .0.08} 0.02} 4 0.02f -
0.1 0 : - 0 : -
14 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600
0.0l | T 0.0l T | T | T 0.0l T | T | T
~— 0.008 -0.008} -0.008} -
é 0.006 -0.006} -0.006} -
~ 0.004 -0.004}| -0.004}| =
L p | 4 L 4
E 0.002 Ho.002} J/\\ Ho.002f JAL .
O 1 1 0 1 1 O L 1 1
1450 1500 1550 1600 1450 1500 1550 1600 1450 1500 1550 1600
G (MeV)
From left to right: Unitary amplitudes for : and

Dynamically Generated — Resonances from Baryon Decuplet-Meson Octet Interaction — p.21/4!



o .

Close to the peak of the the amplitudes are given
by
from where we calculate the couplings of the to the

different channels:

We get

The partial decay widths can be obtained from

o -
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Predictions:

The reaction

LKW o) pop) -
p(1/2,m) S*O(B/Z,M) L (1/2,m')

Symmetrize the amplitude  three-body phase space  cross-section

o -
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A

-

R p° (P -
K ()~

We also add the following conventional diagrams

LK

=

p°(P) .-

~

* s
~ O e

p@a2m . P L (1/2,m") pazm) *~ P L (1/2,m")

°(R) °(R)”
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: (;\ -~ N . // > - g
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Dynamically Generated
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B e
> o o) N

=
N
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N
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Summary: resonances

=

Systematic study of the interaction of the baryon
decuplet with the meson octet taking the lowest order
chiral Lagrangian (Weinberg Tomozawa term)

resonances

Poles associated to established resonances:

Prediction of couplings of these resonances to the
meson baryon decay channels partial widths

Prediction of extra resonances not yet observed:
with a width of 40 MeV, and some others too
broad e.qg. 1550 MeV.

-
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Summary:

=

Phenomenological introduction of the

channels and Into the coupled channel scheme
Introduction of the  width in the loop function
We nd that the couples strongly to the
channel though the branching ratios to the and

channels are much larger

Prediction of amplitudes and couplings of the to
all the channels

We obtain good agreement with experimental data in
the reactions , and
at energies close to and above the

region. J
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Extras

o -
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Results:

States:

ITI” (1/MeV?)
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a threshold effect.

=

MeV

-

Resonances from Baryon Decuplet-Meson Octet Interaction — p.32/4!



Results:

States:

, and

I

()
=

Two poles in the complex plane
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Couplingsof to various channels

o .




Results: I ()

o .

States: and

0.025
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| Pole at MeV
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MeV Is a threshold effect.
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Couplingsof variousto channels

o .




Results: I ()
=

States: , and
We nd three poles in the complex energy plane

| | Pole at MeV
R S with strong coupling to
0| = sho channel.
N% 0.6 PDG !
=
2 MeV
E o4l S(1670)
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-
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Couplingsof to various channels

o .




Results: I ()
=

States: , , and
We nd four poles in the complex energy plane

o.5—mMm
(S,1)=(2,1/2) The pOIe at
e MeV is associated with
oal ——XP ! the which has
" MeV
E 0.05 - <@ | width (on real axis) appears reduced due
| to Flatt effect
““““ _ \ Poles at and

0 - ‘ ——
1300 1500 1700 1900 2100
E., (MeV) MeV are too broad to show up

Pole at MeV couples strongly to
guasibound state ! J
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Couplingsof to various channels

o -




Results: v ()

States: and
o8 +———m—
(S,)=(3,0)
0.06 XK
—wn We nd a pole at

MeV
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MeV Iin PDG
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-
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Couplingsof to various channels

o .




Formulation

to nally get for

-
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N/D Method

fUnitarity states that, above threshold, T
M

Using a subtracted dispersion relation

where contains an arbitrary subtraction constant and
accounts for contact terms which remain at tree level

when
The above equation can be cast as

o -
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A

-

The actual amplitudes are given by

o -
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