Chiral SU(3) Coupled-Channel Model and
Hadronic Resonances

Evgeni E. Kolomeitsev, and M.F.M. Lutz

University of Minnesota, Minneapolis, USA

Gesellschaft fur Schwerionenforschung, Darmstadt, Germany

e Introduction
e Bethe-Salpeter Equation
e SU(3) Meson-Nucleon Scattering

e Hadronic Resonances



World of Meson-Nucleon Interaction

pion—nucleon

kaon-—nucleon

antikaon-—nucleon

* *

N(940) N'(1520) N'(1535) Soles
1000 | A(1236) N (1440) \ [MeV]
5'"*® I | e —e—1-08—] |
N A nN KA KX
nN thresholds
1000
12 | | [MeV]
KN | ‘
KN thresholds
¥ (1385) A (1405) poles
1500 -
1/210()'0 (1116)5(1195) |\‘ | A 05200 MeV]
s *—o I I ]
AT Im An Xn



Coupled-channel Bethe-Salpeter equation

¢/ Scattering amplitude: % — Q -+ p%

¢ Compact notation:

— K — interaction kernel

I'=K+K-G-T with G two-particle propagator

¢/ Strategy: chiral and large- V. expansion of effective interaction V'



On- and off-shell scattering amplitudes
¢/ Unique covariant projection operators: y<J’P><Cj, q; w) with w? = s
e preserve total angular momentum J and parity P

e rcgularity in ¢ (initial meson) and ¢ (final meson)
e defined for any off-shell kinematics

(Jf“’” G- y“/’P/)) (G, q;w) = 8.0 0p.pr V(5 ) VG, g w)
— divergent loop-functions J/+" >(\/§ ) — M_SX regularization

¢ On-shell reduction:

T =) MYP)YIP 4T 4+ T+ o
J, P

® /' /;; vanish if initial /final states are on shell
o [ +I'n+ 175, defines off-shell part of two-body amplitude



Solution of Bethe-Salpeter Equation

¢/ Effective interaction kernel V:

1-K-G'"K «—onshll - [I-V .-GV
defined by:
K=V+1-V-Q)-Vp+Vp-1-G-V)

V@) Vg (=G V) — Ve ——

1—G-Vip

G-Vp.

note: V;, and Vp vanish for on-shell kinematics

¢/ Algebraic solution of Bethe-Salpeter equation

o/ — Z,],P VUL /S) PP = MUP) = <1 R VAOND J<J,P))—1 v (.P)

e to leading order: 17 =V}, - 1_};_‘/ : Thr = 1_5‘/ -V, Trr=Vip

¢/ No dependence on choice of fields



divergent loop functions

d4l 1
2m) 12 — m?W?N

dl 1 1
2m)t 2 —m3, (w—1)%?—m3%

[M,N(\/§>:i/< , [MB(\/g):—i/

renormalization scheme

regularization: loop functions respect chiral counting:

[NNanlﬂNQQ and[ﬂNNQ

strategy: move all tadpole contributions into Bethe-Salpeter kernel

subtraction point g — approximate crossing symmetry



Gluing of s- and u-channel unitarized amplitudes

matching
domain

N N vy 7/,
el eSS (= e -

C )

perturbative

non-perturbative

¢/ Approximated crossing symmetry:

>,\/ i /\:‘:‘__’\:& 4+ = Tu—Ch&Il.(M) ~ Ts—(jh&ﬂ.(:“)  — K + ‘.—\\_’ (’ + ...
T — Ts—chan. if \/E >
Tu—chan. if \/g < W

¢  Renormalization condition: TU’P)(\/E = p) = VU’P)(\/E = 1)

¢ Natural matching point: e.g., for mwH-scattering — u ~ mpy



Meson-Nucleon Scattering



Chiral SU(3) interaction terms

¢/ Large N, ground states

e Goldstone boson octet  ®g) = (77 , K ,Fﬂ?>
e Baryon octet Bjg = (N DI E)

e Baryon decuplet By = (A DI Q)

¢/ Systematic approximation strategy:

expand in powers of the small current quark masses, momenta and 1/N,

Mquark 1
<1, — K1
AxSB NC
e heavy fields: Mgg 19y ~ Aysp but Mg — Mg ~ NLC

1/2

e light Goldstone bosons: mjg ~ M ark



Q2

Q3

Diagrams to chiral order Q°

Ma Mﬁ g

/.\ o 2 Weinberg-Tomazawa term
Ba By
M 3

= - + — Q7
M / Bisio \ / Bis), Blio)\

Local background terms

Yrterms o< m%-, m2

s-wave range, p-wave terms o (¢-¢q) (11 parameter)

local 2-body background terms (10 parameters)

3-point vertex corrections+pseudo-scalar vertices (23 terms)
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do/dQ [mb/sr]

Differential cross sections
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KT proton differential

Cross sections
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K™ nucleon scattering: phase shifts
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Pion-Nucleon Scattering: phase shifts
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Hadronic Resonances



Study of chiral excitations in QCD

¢/ Large-N. ground states:

e Goldstone boson octet  ®jg) = (7‘(’ KK 77>
e Baryon octet Bjg = (N DIV E)
e Baryon decuplet Bjjg = (A DD Q)

¢/ Chiral excitations of baryons

e S-wave scattering of Goldstone bosons off baryons with J*:

O_—I—1+ L O_+1+
2 2 2

O_—i—3+ S O_—FS+
2 2 2

Chiral SU(3) predicts s-wave interaction strength of Goldstone bosons with any hadron !




Baryon resonances (Q')
Chiral SU(3) symmetry predicts: JI = %_: 8R8=2701001088D 1
v/ "Heavy” SU(3) limit: m; = m, = mx = 495 MeV

e resonances turn into bound states

e mass degenerated multiplets formed

v ’Light” SU(3) limit: m, = m, = mg = 139 MeV

® I'CSONalCes are gone

¢/ physical masses:

P 1 strong signals: N (1535),A(1405), A(1670) and =(1690)
- 2 7 weak signals: N(1650), =(1620) and »(1620), X(1750)

Phys.Lett. B582,49; Phys. Lett. B585, 243
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baryon resonances (Q')

Chiral SU(3) symmetry predicts: 8® 10=35®27H 104 8
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e decuplet and octet e 27-plet state in (0, —1)-sector

e bound state in (0, —3)-sector e A(1520)-A(1690) singlet-octet 77



Meson resonances (Ql)

¢/ Large-N. ground states:
e Goldstone boson octet  ®jg) = (7r K K, n)

e Vector meson nonet betg] = (p” , KH ,Fﬂ ,wh ol )

¢/ Chiral excitations of mesons

o S-wave scattering of Goldstone bosons off mesons with J*:

0O +0 —0"— 0 +0

0O +1 —1"— 0 +1°

Chiral SU(3) predicts s-wave interaction strength of Goldstone bosons with any hadron !
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¢/ Predictions:
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¢/ Chiral SU(3) symmetry:

2 octets and 1 singlet
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e 11(1380), f1(1285) and by(1235) couples strongly to K K, channel
® h1(1380) « (I = 07) state

Nucl. Phys A730, 392



Chiral excitations of open charm

JP =0" S JEP =17 S
1969 16 D 2110  +14 D},
¢ Heavy-light mesons:

(cq;) — SU(3) anti-triplet [3]

Chiral SU(3) symmetry predicts 8 ®3=3®06® 15

e attraction in [3] and [6] but repulsion in [15]



JP = 0% charmed meson resonances (Q')

¢/ Chiral SU(3) predicts:

anti-triplet and sextet states 8® 3 =30 6@ 1

e bound [3] in (0, 1) at 2303 MeV
[BABAR at 2317 MeV]
| ® broad [3] in (5,0) at 2138 MeV

| ® narrow [6] in (£, 0) at 2413 MeV

e cusp structures in (0, —1) and (1, 1)
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JP = 11 charmed meson resonances (Q')

¢/ Chiral SU(3) predicts: anti-triplet and sextet states 83 =3 D 6@ 1
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d.u.

¢/ Chiral corrections:

Charmed meson resonance (Q2)

(1/2,0)
- % 1F @ exp:Belle
D*,(2460)
It x-BS(3)

i

2.0

3 parameters tuned to data

¢/ “hidden” (0'-resonance (I.5) = (,0)
e narrow |6]-state at 2389 MeV
e couples weakly to wD(1867) channel

¢ Is the D(2420) a sextet state ?

e where is the heavy-quark partner
of the 27 D(2460) 7

¢ S — —1 charmed mesons

e K bound at D(1867) and D, (2008)

e predict: 2352 MeV (J = 07) and
2416 MeV (JI' =17)

Nucl. Phys. A733, 142



Summary

Chiral SU(3) coupled-channel dynamics:

*describes meson-nucleon scattering quantitatively

epredicts at leading order baryon and meson resonances
in light and heavy-light quark sectors

What’s next?

Further developments in coupled-channel EFT



