---Unitary chiral approach to meson baryon interaction

-- Two dynamically generated /A(1405) resonances: Experiments testing it
-- The A(1520) resonance

-- The A(1700) resonance

-- A(1520) and 2*(1385) in the nuclear medium

-- Resonances of two mesons and one baryon



Unitarized Chiral Perturbation Theory |

Skillful combination of the information of the Chiral La-
grangians and unitarity in coupled channels.

e Pioneering work of Kaiser, Siegel, Waas, Weise 95-97 US-
ing Lipmann-Schwinger eq. and input from Chiral La-
grangians as potential.

e Subsequent work

Truong
Dobado, Peldez ‘97

- Inverse Amplitude Method (IAM)—
Oller, E.O., Peldez '98

Oller, E.O. '99
- (N/D) method—
Oller, Meissner '01

Oller, E.O. '97
— Bethe-Salpeter eq.—
Nieves, Ruiz-Arriola '00

Hosoka [ Hyedo Lufa , K"éﬂﬂ'ﬁw; Borasey, Ni3le~, Weise

Ramos, Vicente, Marco, Parrefio, Toki, Hirenzaki
Hosaka, Oka, Nacher, Palomar, Jido, Inoue, Roca
Cabrera, Okumura, Takahashi, Mizobe, Chiang
Kamalov, Bennhold, Herndndez, Garcia Recio

—Applications—



Meson baryon Chiral Lagrangians
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Interaction of the meson octet with the baryon decuplet
Lutz and Kolomeitsev PLO4 Sarkar,Oset,VicenteNPAQ5S

L .
£ = —iT"PT, 1)
1s the spin decuplet field and D" the covariant derivative given by

D'Tly, = O Tl + (T)iTh, + ()Tl + (T)TE, 2)

abe abc

RPN o7
where Tabc

where p is the Lorentz index, a,b, ¢ are the SU(3) indices. The vector current I'V is given

by

I = (60! + €107) (3)
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General scheme oier, Meissner PL '01 (meson baryon
as exemple)

e Unitarity in coupled channels £&nw, =X, =A, 5L,
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V accounts for local terms, pole terms and
crossed dynamics. V is determined by match-
ing the general result to the xyPT expressions
(usually at one loop level)

2M; m2 MZ-—m2+s,  M?

o) = 2t {a)+109 75 + i Rl0g 1
. 2 e y
+ _ql-logm;'l'Ms 8 2‘11\/3}
Vs m? + M? — s + 2gi\/s
p regularization mass
a; subtraction constant
Inverting 7 1:

T=[1-Vg]~lV



Example 1: Take V = lowest order chiral am-
plitude

In meson-baryon S-wave

l-VeT=V>T=V+4+VgT

Bethe Salpeter eqn. with kernel V

This is the method of e o, ramos '98 Using cut
off to regularize the loops

ouer, Meissner Show equivalence of methods with

‘2 -
a;(p) ~ —2In [1—,L1+% ;
L

n cut off
a; ~ —2 — p~630MeV in KN

If higher order Lagrangians not well determined
then fit a; to the data



Oset, Ramos NPA98
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The lowest order calculations have been improved recently In

Borasoy, Niessler and Weise, PRL (2005);Oller, Prades, Verbeni, PRL(2005); Oller
(2006); Borasoy, Meissner and Niessler (RX&&) (2006)

Common features: two poles for the A(1405), one around 1420 MeV with narrow width
(~ 30MeV). The second one at lower energies, wider but changes much from model to
model . Observation of the A(1405) with different shapes in different reactions should
further constraint the models.

Some differences: predictions for the scattering lenghts. More experimental work on
K ~p atoms is needed.

Results with lowest order Lagrangian compatible with theoretical band determined
by Borasoy et al.



Poles of S=-1 JP =1/2 - Resonances
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Jido, Oller, Oset, Ramos, Meissner NPAO3
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The K- p =2 y A(1405) reaction

(do/dM;) (mb GeV'")

1.5

1.0

0.5

Nacher, Oset, Toki, Ramos PLB99

— - K P > MB vy
A K, = 500 MeV/c
_______ _ - i
————— K p sum of .

all channels

Note: photon removes energy
from initial state > K~ pin the
resonance region

K = p couples strongly to narrow
resonance
with a higher mass: 1420 MeV



K p—m'w7'2" at p,-=514-750 MeV/c

PRCO04

Prakhov, Nefkens...

i P, =687 MeV

Ay

Theory : Magas, Oset, Ramos PRLO05

The K p— 7'7°Z° reaction selects

mostly narrow pole
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The 7~ p — K"7X reaction selects
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Alternative reactions

K-p>mo yA with y A in A(1405) region
K-p>m0 yso with y 2 in A(1405) region
T p>KO VA with y A in A(1405) region
T-p>KOyzo with y 2 in A(1405) region

This would provide the radiative decay of the A(1405) intoy Aand y 2

Possibility to see different results depending on the reaction because of the two A(1405)

JPARC candidates



Radiative decay of the A(1405) and its two pole structure
L.G. Geng, E. Oset and M. Doring Eur. Phys J. A 2007

A(1405),7 77 7%

Fig. 1. The radiative decay mechanism of the A(1405), where M B can be any of the four charged channels of the ten coupled
channels: K~ p, Kn, 7°A, 7°X°, nA, 7]20? T Y=, =Xt Kt=7, and K=",

Decay channel UxPT QM [35] BonnCQM [36] NRQM RCQM [39]
¥ 16.1, 64.8 168 012 143 [37], 200, 154 [38] 118
30 73.5, 33.5 103 233 91 [37], 72, 72 [38] 46

Decay channel | MIT bag [38]  chiral bag [40] soliton [41] algebraic model [42] isobar fit [23]
~vA 60, 17 75 44,40 116.9 27+ 8

7 10+=4o0r 237

X 18, 2.7 1.9 13,17 155.




How to see the effects of the two resonances?
Look at different reactions
Suggested ones : K- induced and 1T induced

Fig. 4. The strong amplitude T".
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Fig. 5. The electromagnetic amplitude A.
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Fig. 8. The diagrams contributing to the reaction 7~ p — K%y A(%?).
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Fig. 6. The invariant mass distribution of K p — 7% A(yX")

Fig. 9. The invariant mass distribution of 7~ p — K%yA(yL°)
as a function of the invariant mass of the final yA(yX ) system.

as a function of the invariant mass of the final yA(7X") system.



The A(1670) is also dynamically generated : unlikely to have such a small raditive width!
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Interaction of the meson
Octet with baryon decuplet

Sarkar,Oset,VicenteNPAO5



S=-1, I=0, the A(1520) case

_ (1.0 0
Vij _Fcij(k +k ")
1 1 1
Y% =0 = — |7 2*") - — |792*0)_ — |xTu*~
w2 ) 7 | ) 7 | ) 7 | )
1 1
KE* =0 = ——|K'%Z*0 4+ — |KtE*"). 7
| , ) 7 | ) 7 | ) (7)
Yvmr =FK
Y¢r | 4 V6
=*K 3

Table 1: C; coefficients for S = —1, I = 0.

The interaction is attractive and sufficient to produce a bound
state or resonance with X*7 as the main building block.



Introduction of the X N and 7> channels

KN and 7% couple to 7X(1385) in D-wave

—itg s = —iBg N k2 C(1/223/2;m, M —m)Ys pm_ar(k)(—1)M "™ V4r. (8)

—ites s = —ifex |k C(1/223/2;m, M —m)Ys (k) (=1)M =™ Vaz.  (9)

Cll(ff? + };?) Clg(}lﬁ? + kg) Y13 q§ 714 qi
S| OB+ KD)  Cn(R+hY) 0 ’ (10
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We chose a to get the pole at the physical position. 5 and ~ chosen to reproduce the
partial decay widths of the A(1520) into KN (45%) and w%(42%) and K N phase shifts.

From residues at pole |g,x+| = 0.91, |gx=+| = 0.29, |9z | = 0.54 and |g,x| = 0.45.

The coupling to 1T X * is the strongest The B’ s are y;gand vy,



Reaction K p— w’w@°A from p=514 to 750 MeV/c Prakhov .. PRCO4
Theoretical approach, Sarkar, Oset, Vicente Vacas PRCO05
Roca, Magas, Sarkar, Oset PRC06
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Is the rise of o at 465 MeV/c genuine
or a statistical fluctuation????



Coupling of K*N to the A(1520)

(1) &— 1., —— Dominated by A\(1520)
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The K* is coupled to the
Meson baryon components
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A( 15 20) radiative decay, M. Doering, E. O., S. Sarkar PRCO7

(b)

(©)

A(E®) N

(d)

Et

Coupling of the photon to the A*(1520). Diagrams (a) and (b) show the coupling to a
72* loop. The rescattering series that generates the pole of the A*(1520) in the

complex scattering plane is symbolized by 7'. Diagrams (c) and (d) show the ~ coupling

to the d-waves of the resonance.

Peniscola, September 2006



Quark model picture for A(1520) radiative decay

Quark Model simplest wave function for the Lambda(1520) and radiation scheme

—

This model gives a large radiative decay width for A(1520) —

=YY = ] ~
I !
Peniscola, September 2006 -



Results A(1520) radiative decay

Experimental data, quark model results from Ref. Kaxiras:1983, and resullts for the
partial decay width of the A*(1520) into A and .

[(A*(1520) — yA) [keV] T (A*(1520) — 750) [keV]

From Bertini:1987 3311 4T+ 17
From Mast: 1969 134 £ 23

From Antipov:2004 159 + 33 + 26

From Taylor:2005 167 + 43127

From Ref. Kaxiras:1985 46 17

This study 3 71

(60, with empirical ¥* — mA, 7% couplings)

From Van Cauteren et al. 05 258 157



Quark model radiative amplitude is inversely proportional to the radius of the quark core
A small admixture (5-10 % ) of a compact 3q wave function ( as in chiral quark models)
with s-quark in 1p, and u, d in 1s, can provide good A y radiative decay without modifying

the 2 y decay.

A(1520) would be a hybrid, mostly meson baryon state, with small
genuine component showing up in some particular cases.

More detailed work should be done



Clues to the nature of the A*(1700) resonance

from pion- and photon-induced reactions
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should we assume that the A*(1700) belongs to an SU(3)

decuplet as suggested in the PDG

it is easy to see that the couplings to the Am, X*K, An states in

[ = 3/2 are proportional to \/5/8, \/1/4, \/1/8, respectively.

The squares of these coefficients are proportional to 1, 2/5, 1/5, respectively

dynamically generated resonance, 1, 11.56, 4.84.

Huge differences: factor 20-30 in amplitudes , 400-900 in cross sections

Very large differences: challenging predictions of the theory
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Three body resonances in two meson-one baryon systems

Alberto Martinez, Kanchan Khemchandani, Eulogio Oset

Chiral dynamics of meson baryon interaction

The N/D method and the on shell factorization of V and T in the Bethe Salpeter Equation
Three body Faddeev equations

On shell T matrix factorization in Faddeev equations. New reformulation of F.E.

Results for the system of two mesons and one baryon in S=-1, 1=0, I=1

Comparison with the low lying Aand 2 JP =1/2 * states of the PDG



Then the Faddeev equations result

T=T'4+T°+T°

k) + T}jj) + Tg@

t'is the two body t matrix for the pair (j,k) with j, k indices complementary to i
Example, t 1 is the interaction between particles 2,3 and so on

T accounts for all diagrams where the last interaction is t'!

G stands for the three body propagator 1/( E-H)
H stands for the energy of the three intermediate particles prior to
the last interaction, t '



Coupled channels used

We start by taking all combinations of a pseudoscalar
meson of the 0~ SU(3) octet and a baryon of the 1/27
octet that couple to S = —1 with any charge. This is
the system where a large attraction develops which is re-
sponsible for the generation of the two A(1405) states.
To this system we add an extra pion and hence the
three body system contains twenty-two coupled channels
- 0K p, 7K, 797980, 707+, 7Vt 797YA,
w03l 7UnA. O K+E- ' KZY a K, oAl

T2V 7t A, X, 7t K==, 7= K%, 7 7TOE+
=ty ratA, mnE T, W_K+:O.

So, we have 22 channels and 6 coupled equations. The evaluation of all two body

t-matrices and the Gk propagators is as lengthy as one may imagine, or more!!



The equations (2) at second order in ¢, for the case
. = 1, corresponds to diagrams like

1 1 1 1
k {\ K’ k O K’

(a) (b)

which can be expressed mathematically as t'g(1?)¢2
and t' g3, respectively, where

1

—_

(47) _ Ny _ _
281 /5 — Eij(K) — E;(k;) — Ep(k! 4+ k;) + ie

gl

The variables are

all specified from N { 1 meson-meson interaction
l _—

the external 2M; meson-baryon interaction.
Momenta. We calll ‘

these “on shell amplitudes”



(@) I (b)
V=B (@2-m2) formesons V =y (E-E +k0—k"0)
They kill a meson or baryon propagator and generate a three body force

There are other three body forces
from the chiral Lagrangian

The total contribution of such kind of diagrams is zero in the limit of SU(3) and zero
momentum transfer of the baryon. Less than 3% in the realistic case.

One must take only the two body amplitudes “on shell”. They depend on s; for s-waves

This allows us to write the F.E. as algebraic equations
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We find two Lambda states and six Sigma states . We search in the channels:
mOmTOoA =0 (Lambda state) mom 220 |=1 (Sigma state)

We find

A(1584) T =30 MeV
A(1751) T =95 MeV
5(1480) = 30 MeV
(1551) T = 25 MeV ?
5(1612) T =63 MeV
5(1662) I = 60 MeV
>(1750) =30 MeV
5(1780) =30 MeV

The width obtained is only from three body decay
Should be smaller than the total width

These energies are close by to existing resonances of J°=1/2*



The results obtained indicate that the low lying J® = 1/2* resonances can be obtained
as Resonances of two mesons and a baryon.

Which means that in the real world this three body component could be the dominant
one

These findings should stimulate research looking for three body decay channels of
resonances and search for new ones looking at invariant masses of three particles
in the final state



A(1520) in the nuclear medium Kaskulov, Oset PRCOB

1520
The coupling of the A(%t6%) to 7w32(1385) is very large but decay

into this channel practically suppressed because of lack of
phase space.
In nuclel a 7 can excite ph. Plenty of phase space. Large width.
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Analogy to mesonic and nonmesonic decay of A(1115) in nuclei.
A(1115) — wN is forbidden by Pauli blocking in nuclear matter.
But m becomes ph and decay possible

— Non mesonic A(1115) decay

A(1115)N — NN

This is much more important than the mesonic decay in nuclel.



D-wave decay of A(1520) in the nuclear medium

A(1520) — KN + 7%

* In-medium K optical potential: X — A-h + ¥-h + 3 (1385)-h

_ v,
/ \ /_\‘I\._“H =
[ \II / \ ‘*'-._
Azz * NN S ALY * ﬁ{ }v—
\/ \\ K
K

A.Ramos and E.Oset, Nucl. Phys. A 671 (2000) 481.



>2(1385) in the nuclear medium

* The free width I" ~ 30 MeV
* Decay modes: X (1385) — wX + 7A

In-medium renormalization
* Thepiondecaym = A —-h+ N —h
* Short-range correlations
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Results for the in-medium self energy of the >(1385)
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Results for the width of the A(1520) in nuclear matter
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Conclusions

Chiral dynamics Is becoming very helpful to correlate
data so far disconnected.

Makes clear predictions which can be confirmed: new
resonances, cross sections for selected reactions....

Challenging tests of predictions, many that can be done
at JPARC.
Three body resonances will likely become a new

fronteer. Interesting to look for invariant masses of three
particles in final states.

Medium effects are very interesting: A(1520) has a
width about 5 times bigger than free. 2*(1385) about 2.5
times larger.

Experiments to test these predictions welcome.



