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Chiral unitary approach

Description of meson-baryon scattering, s-wave resonances

- Interaction <-- chiral symmetry
- Amplitude <-- unitarity (coupled channel)

T - ]. \\\ /(/ _ \\ /// 4 \\ // Sa //

V—l_G — >

V ~ interaction : ChPT at given order
G ~ loop function : subtraction constant (cutoff)
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By construction, generated
S Not always...
resonances are all dynamical®
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Is that all? subtraction constant?
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Natural renormalization scheme

CDD pole in subtraction constant?

Phenomenological (standard) scheme
--> V is given, “a” is determined by data

1
T = leading order

V)T~ G(a)

1

T = VO F V@) G(_) next to leading order

Tpole e ?

“a” represents the effect which is not included in V.
CDD pole contribution in G?

Natural renormalization scheme
--> fix “a” first, then determine V

to exclude CDD pole contribution from G,
based on theoretical argument.
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We regard this condition as the exclusion of the CDD pole
contribution from G.
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Effective interaction: origin of the resonances

Two renormalization schemes

Phenomenological scheme

V is given by ChPT (for instance, leading order term),
fit cutoff in G to data

Natural renormalization scheme

determine G to exclude CDD pole contribution,
V is to be determined

Same physics (scattering amplitude T)

1 1
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C_hPT - G(a’pheno) (Vmaturaul)_1 T G(anatural)
T Effective interaction

Origin of the resonance
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Effective interaction: origin of the resonances

Pole in the effective interaction

Leading order V : Weinberg-Tomozawa term

~ C C/f2 : coupling constant
Ywr == 2—]"2(\/g ~Mr) 1o s-wave resonance
T_l T~ V\{/%‘ — G(apheno) l (Vnatural)_l - G(anatural)
TChPT  Tdata fit Tgiven
Effective interaction in natural scheme
C C (/s = Mr)?
Vna ural — — T o — M [ '
il 2f2(\/§ T)‘|'2f2 s pole
1672 f2
Me = Mr — ’ Aa = eno — Unatura
ff T CMTACL a Qph Unatural

There is always a pole for Gpheno 7& Unatural

- small deviation <=> pole at irrelevant energy scale
- large deviation <=> pole at relevant energy scale
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==> A(1405) is mostly dynamical state
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Important CDD pole contribution in N(1535)
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Summary

Summary: formulation

We study the origin (dynamical/CDD) of the
resonances In the chiral unitary approach

N = u
s Natural renormalization scheme

Exclude CDD pole contribution from
the loop function, consistent with N/D.

QZ Comparison with phenomenology
--> Pole In the effective interaction

We extract the CDD pole contribution
hiddin in the subtraction constant into
effective interaction Ve.

T. Hyodo, D. Jido, A. Hosaka, Phys. Rev. C78, 025203 (2008)




Summary

Summary: application to A(1405) and N(1535)

Structure of baryon resonances:

- 2 n

s Comparison of natural scheme with
phenomenological scheme tells us about
the structure of baryon resonance.

& A(1405) is mostly dynamical state.
: consistent with Nc scaling and em size.

T. Hyodo, D. Jido, R. Loca, Phys. Rev. D77, 056010 (2008)
R.Loca, T. Hyodo, D. Jido, Nucl. Phys. A809, 65 (2008)

T. Sekihara, T. Hvodo, D. Jido, Phys. Lett. B669. 133 (2008)

& N(1535) requires CDD pole contribution.

. k origin state?
a quark origin state +©







Chiral unitary approach

Scattering theory : N/D method

Single-channel scattering, masses: Mt and m

G.F. Chew, S. Mandelstam, Phys. Rev. 119, 467 (1960) l g — W2
unphysical cut(s) s~ = (Mr —m)* unitarity cut
SATAAAAAAAMAMMAMAMIALL &W

st = (Mr +m)?
Divide T into N(umerator) and D(inominator)
unitarity cut --> D, unphysical cut(s) --> N
T(s) =N(s)/D(s) phase space (optical theorem)
ImD(s) =Im[T~*(s)|N(s) =|p(s)IN(s)/2 for s> s
ImN(s) =Im|T(s)|D(s) fors< s~

Dispersion relation for N and D

--> set of integral equations, input : Im|T'(s)] for s < s~
14



Chiral unitary approach

General form of the (s-wave) amplitude

Neglect unphysical cut (crossed diagrams), set N=1
U. G. Meissner, J. A. Oller, Nucl. Phys. A673, 311 (2000)

T—l(\/g) _ &(50) 4 S — 50 /OO ds’ IO(S,)

27 4 (s" — s)(s" — sg)

subtraction constant, not determined

* pole (and zero) of the amplitude
L. Castillejo, R.H. Dalitz, F.J. Dyson, Phys. Rev. 101, 453 (1956)

- — 2 O X 3+:<MT+W.L)2.
unphysical cut(s) s~ = (Mr —m) unitarity cut

CDD pole(s), Ri, Wi : not known in advance

T8 =[5 B ity + 52 [ a2

+ (8 =s)(s" = s0)

CDD pole contribution --> independent particle
G.F. Chew, S.C. Frautschi, Phys. Rev. 124, 264 (1961) 15




Chiral unitary approach

Order by order matching with ChPT

Identify loop function G, the rest contribution --> V-1

T—l

\/E)ZZ\/—?\/%+&(80)+S_80/800d8’ p(sl,)

/ 4 (s" — s)(s" — sp)

L / d*q 2 M 1
= = —i . .
‘/ - \. (2m)4 (P—q)2—M%—|—zeq2—m2—|—ze dim.reg.
__ 2Mr IEJF m2_M%+31 m2 _ iy O+ (8) o1 (5)
- (4m)? 2s f Y1 (5)6—_(s)

_ _G(y/; q) SUbtraction constant (cutoff)

T(Vs) =V (Vs) = G(Vs;a)] ™

V? chiral expansion of T, (conceptual) matching with ChPT
J.A. Oller, U. G. Meissner, Phys. Lett. B500, 263 (2001)

T =y 7@ —y®@ 76—y _yOgy®

16



Chiral unitary approach

Summary of chiral unitary appraoch

Scattering amplitude T

1 ~ ;s
T(V5) = N

V(5 - Glv/sa)

v o+ TAC ,~ %‘ .

V(vs) :interaction (ChPT at given order)

G(Vs;a) - loop function

a : subtraction constant (cutoff parameter)
ChPT ChU
Unitarity perturbative exact

Dynamical resonance | x

O

Crossing symmetry exact

(perturbative)

Chiral counting O

X

Nonrenormalizable --> cutoff theory
CDD pole contribution --> V (interaction)

17



Natural renormalization scheme

Loop function below threshold

Below threshold, G is real and NEGATIVE
(~ assume no states below threshold)

G(vs)= ,~7~ <0 (forvs<Mr+m)

\

It is automatically satisfied in 3d cutoff. However, ...

(5 a) — 2MT{ m2—M:%+81 m2 q_, ¢++()¢+ (3)}

P\ LT 2 MR e (9)e—()
Large (positive) “a” can make G positive.
Avoid this for s-channel region ( > Mt),

10 —

a S amaX(MTa m)

or equivalently
(G: decreasing),

G(vs=Mr) <0

_ | | | | | |
400 600 800 1000 1200 1400
s'? [MeV]

18



Natural renormalization scheme

(Explicit) matching with ChPT

V is given by ChPT.
At a “low energy”, T should be matched with V:

G(Vs=pum) =0, & T(um)="V(um)

AAmplitude
......................... V/(ChPT) ImT
-~ G

Re’l’ (Unitarized)

e tea
"
"~
"~
"~
"~
"~
"~
"~
",

matching in s-channel region, subtraction constant is real
=7 Mt < Hm < Mr+m

consistent with “low energy” requirement
Vs=Mr+m = p=0, Vs=Mr = w~0 o



Application: A(1405) and N(1535)

=-1 and S=0 meson-baryon scatterings

Models for the Meson-baryon scattering :

E. Oset, A. Ramos, C. Bennhold, Phys. Lett. BS27, 99 (2002),
T. Inoue, E. Oset, M.J. Vicente Vacas, Phys. Rev. C. 65, 035204 (2002)

T. Hyodo, S.I. Nam, D. Jido, A. Hosaka, Phys. Rev. C. 68, 018201 (2003)
T. Hyodo, S.I. Nam, D. Jido, A. Hosaka, Prog. Thor. Phys. 112, 73 (2004)

K-p total cross sections threshold ratios N2 spectrum

200 60
50+
ﬁlSO 40 % y RC Rn -
£ 100 30l | E;:
| % § ] exp. | 236 | 0.664 | 0189 | *
10+ % ] T - 2
0 L n Il L 0 Il L 1 L g
il 2 ol il theo. | 1.80 | 0.624 | 0225 | =
150+ - 60 i ; |
s 1400 1420 1440
L A N scattermg ampllfUdémMew
& |
or 1 ok TR ] 06FRe T (I=1/2) Im T (I=1/2)
. 05+ 4 08} _|
041 706
04
02
| | ) ) 0.0 coo@reIsoess ) )
1200 1400 1600 1200 1400 1600

Vs [MeV] VS [MeV] 20



Application: A(1405) and N(1535)

N(1535) coupling strengths

Residues of the pole --> coupling strengths

9gig;j
T ~
J(\/g) \/E—MR—I-iFR/Q

pole in property | nN nN KA Kz

full T physical | 0.949 | 1.64 1.45 | 2.96
Vhatural CDD 4.67 |(215 |571 |(7.44
WT+natural | Dynamical | 0.353 | 2.11 1.71 2.93

Coupling properties of the physical pole is similar with
those of dynamical pole.

Dynamical nature (on top of CDD pole) is also important?
21



