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Motivation

e Goal:
e.g. important for:

» hyperon-nucleon scattering
» hypernuclei

\ [ ]
» strange baryons in nuclear matter %f
b

o

e accurate description of nuclear interactions with
SU(2) chiral effective field theOl’y [Epelbaum, Gléckle, MeiBner, Entem, Machleidt,

extend SU(2) xEFT to include strangeness
= SU(3) chiral effective field theory

e Advantages: » can improve results systematically

» can derive consistently two- and three-baryon forces
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Baryonic forces in SU(3) chiral effective field theory

determine interactions between hyperons (Y) and nucleons (N),

.




Motivation

e systematic NLO analysis of chiral contact terms and
one- and two-meson exchange contributions to
baryon-baryon interactions using SU(3) xEFT

Leading order (LO):
[Polinder, Haidenbauer, MeiBner, Nucl.Phys. A779, 2006]
Next-to-leading order (NLO):

aidenbauer, Petschauer, Kaiser, MeiBner, Nogga, Weise, Nucl.Phys , 2
Haident P k Kai MeiB Nogga, Weise, Nucl.Pt A915, 2013

e repulsive ANN force suggested to get
stiffer equation of state for neutron stars
and to describe hypernuclei
[Gal et al.,Ann.Phys.63,1971] [Lonardoni et al.,Phys.Rev.C87,2013]
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Hierarchy of nuclear forces

2N Force 3N Force

NLO —

N2LO | T A S VO W

[van Kolck, Phys.Rev.C49, 1994]
[Epelbaum, Nogga, Gléckle, Kamada, MeiBner, Witata, Phys.Rev.C66, 2002]
[Epelbaum, Hammer, MeiBner, Rev.Mod.Phys.81, 2008]
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Three-nucleon force including delta resonance

3N Force with A isobar

LO —

NLO

N2LO ,,,,,,,,,,, + ...

[Epelbaum, Krebs and MeiBner, Nucl.Phys.A806, 2008]
[Epelbaum, Hammer, MeiBner, Rev.Mod.Phys.81, 2008]
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© Hyperon-nucleon interaction at NLO
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Chiral meson-baryon Lagrangian

Meson Lagrangian (in isospin limit m, = my # mj)

2
28— f%tr (0, U0"UT) + %Boﬁ)z tr (MU' + UM)

0 m + +
7r—|—\/5 V27 V2K

U(x) = exp (1%?)) - V2r—  —qO _t % V2KO Goldsg%r%gtboson
V2K V2KC - Z

M = diag (m,, mg, ms) = explicit SU(3)-breaking
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Chiral meson-baryon Lagrangian

Meson Lagrangian (in isospin limit m, = my # mj)

2
28— f%tr (0, U0"UT) + %Boﬁftr (MU' + UM)

0 n_ + +
7T—|—\/§ V27 V2K

U(x) = exp (1%?)) - V2r—  —qO _t % V2KO Goldsg%r%gtboson
V2K~ V2K° f%

M = diag (my, mg, ms) = explicit SU(3)-breaking

Meson-baryon interaction

axial vector couplings:
D~0.8, Fx~05
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Deriving the T-matrix

Weinberg power counting for baryon-baryon potential
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Deriving the T-matrix

Weinberg power counting for baryon-baryon potential

e + £ - 4 \ irr K
TS e R S0 <

A p A p p A
't < KO - K
- ~.. o) T A ~..

e.g. o = = e -

& LT Ko 8]

A P A P A P
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Deriving the T-matrix

Weinberg power counting for baryon-baryon potential

Coupled-channel Lippmann-Schwinger equation

T;ﬁ[[/)/ J(p// Pl'\/—) Vp p J( P) +

dpp 2 v
+Z/ V0P Jﬁﬁ 720 (p, p'i V/5)

p: partial wave v: particle channel
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Results for integrated cross sections and phase shifts
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e one- and two-meson exchange; physical meson masses — SU(3) breaking
e LO and NLO contact terms e Cutoff: 500 - 650 MeV e LECs satisfy SU(3)

[Haidenbauer, Petschauer, Kaiser, MeiBner, Nogga, Weise, Nucl.Phys. A915, 2013]
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© Chiral three-baryon forces
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Constructing the chiral Lagrangian

e symmetries of the effective Lagrangian:
» chiral symmetry SU(3), x SU(3)r
» C, P, T, Hermitian conjugation
» Lorentz transformation

o degrees of freedom:
» pseudoscalar Goldstone boson octet (7, K,7)
» baryon octet (N,A, X, Z)
» baryon decuplet (A, X*,=* Q)

e antisymmetrized potential to respect generalized Pauli principle

18 low-energy constants
(SU(3) symmetric)

14 low-energy constants
[Petschauer, Kaiser, Nucl.Phys.A916, 2013]
10 low-energy constants

***** [Krause, Helv.Phys.Acta 63, 1990]

e vertices:
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Potentials for leading three-baryon forces

Vet = N1+ NoGy -G+ N3G - 03+ Nuyd's - 03+ Nsidy X 0 - 03

. ct, I=0 _ 1 = — — — — —
example. V/\NN—>ANN = Cl(]]. + 302- 0'3) + C2(0'1 c02+01- 0'3)

1 &1-¢d
1 141 S o N o o\ o
S vie = —ﬂm{Nwz-qﬁNvaa-qﬁNsl (F2x33)-G }
v 1 G1-G1 03 g3
- Afy (G7 + m3 )(d5 + m3,)
X{/V9m3r + Nigm% + Ni1G1- Gz + Ni2ida - (G1 X G3) }

pi(p!) are initial (final) momenta of the baryon i and g; = g/ — j;
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Hierarchy of three-baryon forces

3B Force

NLO —

N2LO | W bk e
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Hierarchy of three-baryon forces

3B Force with decuplet baryons
LO —
NLO
N2LO | X bk fow + ..
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Three-baryon forces and explicit decuplet baryons

® new vertices:

one constant (C = 2g4 ~ 1 from A — Nr)

two constants (Pauli-forbidden in nucleonic sector)
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Three-baryon forces and explicit decuplet baryons

® new vertices:

one constant (C = 2g4 ~ 1 from A — Nr)

two constants (Pauli-forbidden in nucleonic sector)

tensor products in flavor space and in spin space

final state 10@8=35¢27® 1038 3/21/2=132
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Three-baryon forces and explicit decuplet baryons

® new vertices:

< one constant (C = 2g4 ~ 1 from A — Nr)

>< two constants (Pauli-forbidden in nucleonic sector)

tensor products in flavor space and in spin space
final state 10@8=35¢27® 1038 3/21/2=132
initial state 88=2708¢101001008, 1/2®1/2= 0 & 1
symmetric antisymmetric a.sym. sym.
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Three-baryon forces and explicit decuplet baryons

® new vertices:

< one constant (C = 2g4 ~ 1 from A — Nr)

>< two constants (Pauli-forbidden in nucleonic sector)

tensor products in flavor space and in spin space
final state 10@8=35¢27® 1038 3/21/2=132
initial state 88=2708¢101001008, 1/2®1/2= 0 & 1
symmetric antisymmetric a.sym. sym.

e estimate chiral three-baryon forces via decuplet saturation:

ST T
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e SU(3) heavy baryon chiral effective field theory

e Hyperon-nucleon potentials at NLO including
one- and two-meson exchange and
contact terms with SU(3) symmetric LECs

e good description of available YN data;
comparable to phenomenological models

e leading three-baryon forces constructed

e constants estimated through decuplet exchange
= only 2 unknown low-energy constants left

Outlook

e future applications of YN potential:
hypernuclei, neutron star matter, hyperons in nuclear matter

e quantify effect of three-baryon forces in light hypernuclei
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