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Goal:  determine YN and YY interactions
» empirical constraints from YN scattering and A hypernuclei
» strange baryons in nuclear matter

e accurate description of nuclear interactions with SU(2) BxPT

[Epelbaum, Machleidt, .. .]

extend SU(2) BxPT to include strangeness = SU(3) BxPT

e Advantages: » improve results systematically
» derive consistently two- and three-baryon forces
e Innovative work: YN and YY interactions in LO SU(3) BxPT by Jiilich group

[Pol'\nden Haidenbauer, MeiBner, Nucl.Phys. A779, 2006]
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Motivation

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

e repulsive ANN force suggested to get
stiffer equation of state for neutron stars

and to describe hypernuclei

[Bhaduri et al.,Ann.Phys.44,1967] [Gal et al.,Ann.Phys.63,1971]

[Lonardoni et al.,Phys.Rev.C87,2013]
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Construction of the Lagrangian

XX

e external fields method for construction of Lagrangian [Gasser, Leutwyler]

e Lagrangian invariant under local transformations SU(3);, x SU(3)g

o U(x) =exp ( ¢(X)) = v?(x), ¢ Goldstone boson octet
T +\[ \[w \fKJr %+% s+ P
o= V2~ -+ V2K |, B=| ¥ -ZiL
V2K~ fKO - = = -z
U— RULT, u— RuK' = Kult, B — KBKT, K = K(L,R,U)
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Construction of the Lagrangian

e external fields method for construction of Lagrangian [Gasser, Leutwyler]

e Lagrangian invariant under local transformations SU(3);, x SU(3)g

o U(x) =exp ( ¢(X)) = v?(x), ¢ Goldstone boson octet
T +\[ \[w \fKJr %+% s+ P
o= V2~ -+ V2K |, B=| ¥ -ZiL
V2K~ \fKO f/"g == =0 ,27/\6
U— RULT, u— RuK' = Kult, B — KBKT, K = K(L,R,U)

e building blocks v, x+,x—, .}, f,, and baryon fields B, B
transform as X — K XK1,

same for covariant derivative D, X — K(D,X)KT

® power COUnting_[Krause. Helv.Phys.Acta 63, 1990]:
o/p°): B, B, D,B; O(p'): u,, D,; 0O(p*): £ Fos Xt X—

pvs
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Construction of the Lagrangian

e construct all terms in the Lagrangian by traces
of products of building block, or products of such traces

e Sample structure: (B;B,DI''B;DI?B,...) (...): flavor trace

Used for simplification:

e invariance under Lorentz transformation, C, P, H,
local SU(3), x SU(3)r

o Fierz theorem

e equation of motion: iPB = MyB + O(q)
e cyclic property of trace

e SU(3) Cayley-Hamilton relation

o [, DX = Mlup, u], X] - £ [£4, X]

pvs
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Baryon-baryon contact terms up to NLO

for pure baryon-baryon interactions:
f== =0, x- =0, X+ = 4By diag(m,, mg, mg), D, =0,

e O(p°): (B1(7v57uB1) Ba(vs7+ B2)) , ... (18 terms)
O(p'): (1 terms)

05(B1 Ba(75700, B)1(757" B)2) + 05 (B1(9,.B)2 (757" B)1(V57a B)2)
= antisymmetric spin-orbit term:  i(d1 — d2) - (B x p')

= spin singlet-triplet transitions: 1Py < 3P;

e O(p?) (no external fields): (B1B10?(ByBy)), ... (9 terms)
O(p?) (with x4): (Bix+B1B:By), ... (12 terms)
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Contribution to partial waves

V(*So) = Gis, + Gis,(pP* + p)
V(P = Gp,pp/
V(P = Gp, pp,
V(EP) = Gp,pp/
V(S1) = Gs, + Gs,(p” + p?)
V(P = Gp pp ,

V(D1 - 38)) = Gs,_sp, p’°

V(S = °D1) = Gs,_sp, p?

V(3P1—1P1): C3P1,1P1pp, . . .
V(*P, —*P,) = Gip,_sp, pp/ from antisym. spin-orbit term

e as for NN interaction but with more constants
because of different baryon-baryon channels

e p (p') incoming (outgoing) momentum in center-of-mass frame

Stefan Petschauer (TUM)
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J
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é IN = IN (7 +9c7) 3(% + ) 3cbas 3cbas
3 IN-IN ' f° 0 0
-2 0 A=A 5(5¢ +27¢7 +8cF) 0 0 0
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Nuclear forces

2N Force 3N Force 4N Force
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Nuclear forces

Chiral 3N Force

A-less Additional in A-full
2N Force 3N Force 4N Force

(Qﬁ)“ >< M

NLO X{iiﬁiﬁH::j| (éj/ﬁ?)z HH

A o 1T :
wH o e

NNLO b + j

(Q/A)? T >< >K
+... NiLO

wo iy JHUHE
zo X o L

[Machleidt, Entem, Phys.Rept.503 (2011)]
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Leading order three-nucleon forces

1
V(:?)ol\lff = EEZ’]_—; '7__;(

J#k
3NF 8A gj - qj 5 oo =
F--" Vore = — > Zﬁ *Tj 0" qj
E
V3NE _ i Gi% G pap_a_p
Vipe = ik Ti T}
;k (@ + m2)( +m2) %
T 50"3 o . Cy o . 5
Fi = — (—4am] +2¢3G - G)) + > ﬁf“ﬁ”ﬂ G- (Gi x Gj)
T

v T

p(p’) are initial (final) momenta of the nucleon i and §; = 5/ — p;
[Epelbaum, Nogga, Gléckle, Kamada, MeiBner, Witata, Phys.Rev.C66, 2002]
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Short-range three-baryon force

e Lagrangian terms
(BBBBBB)
(BBBBBB)
(BBBBBB)
(BBBBBB)
2 A s+ » (BBBB)(BB) + (BB)(BBBB)
I I (BBBB)({BB)
° B - Z _\/§ + \/6 n _ _ _
=- =0 _2A (BBBB){BB)
ve (BBB)(BBB)
e possible Dirac structures - -
(BBB){BBB)
]17’7,11,7757757;1470—;1411 - - _
(BB){BB)(BB)
e |eads after non-relativistic expansion to = = =
BB){BB){BB
potentials of the form (BB){BB)(BB)

1, 01-62, G103, 02-03, 01X 02-03 (...): flavor trace
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Short-range three-baryon force

4 5 6 5 6 4 6 4 5
V81828 BaB5Bs — + P13P23 + P12P23
1 2 3 1 2 3 1 2 3
4 6 5 6 5 4 5 4 6
— P — P13 — P12
1 2 3 1 2 3 1 2 3

with spin exchange operator P; = %(1 +4;-5;)
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Preliminary results for three baryon contact terms

contact terms in different strangeness sectors:

strangeness parameters
0 1 parameter
-1 additional 7 parameters .
e in total
-2 additional 9 parameters =
. 18 parameters
-3 additional 1 parameters
-4 no additional parameters
-5 no additional parameters
-6 no additional parameters

ANN interaction

§ = = = = = = =
Isospin | = 0: Vignoaww = (1 + 13- 33) + e3(G1 - G2 + 1 - 53)

. . =1 = =
Isospin I =1: Viynoawy = (1l — 72 - 73)

Stefan Petschauer (TUM)
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e conservation of strangeness S and isospin /

e conservation and independence of isospin |

e time reversal symmetry

o reproduce NNN contact term VENF = E3 37 7 - 7

e reordering particles in final and initial state
(spin-exchange operators and Racah recoupling)

e group theory:
totally antisymmetric part of 8 ® 8 ® 8 in flavor space:

Antisym;(8) =56 =27+ 10+ 10" +8+1

= consistent with 5 LEC's for spin 3/2
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Mid-range three-baryon force

_ 1
""" Uy = =z 0ud

Egé = d ((BBuung”B) + (BBB’yyy”BuH))
+ idg((B%’y,,BuMBJWB) - (B%%BBJ””BU“))
—+ ... [Petschauer, Kaiser, Nucl.Phys.A916, 2013]

1 6161 [,

meom{gz‘alaﬁ3'ala (52X53)'61}
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Long-range three-baryon force

______ u, = —%08H¢, X+ = 2X - %{(b, {¢7X}}

L5 = bp(B{x+,B}) + br(Blx+, Bl) + bo(BB) (x+)
+ by (B[u", [uy, BI) + ba(B{u", {u,, B}})
+ bs(B{u", [, BI}) + ba(BB) (uu,,)
+idy (B{[u", u”), 0,1, BY) + ida(B[[u", u”], 0,0, B])

+ 1d3< ><U O'MVB> [Oller, Verbeni, Prades, JHEP 0609, 2006]
1 o1 - Eil 53 63 ’ ’
Vx5 {671'673 m 7mK752'(31XC73)}
f (G2 + m¢ )( m, %) T
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Include decuplet baryons

e estimate LEC's by resonance saturation with decuplet baryons

|
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Include decuplet baryons

e estimate LEC's by resonance saturation with decuplet baryons

e special vertex
108=35¢2701008 321/2=1®2
Tensor products in flavor space and spin space

828=2708,01010010®8, 1/221/2=0a1
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e SU(3) chiral effective field theory for hyperon-nucleon potentials

e NLO analysis of one- and two-meson exchange and contact terms
with SU(3) symmetric LECs [Nucl.Phys. A915, 2013]

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

e complete classification of NLO baryon-baryon contact Lagrangian
including external fields available [Nucl.Phys. A916, 2013]

e SU(3) classification of leading order three-baryon contact terms
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include two-meson exchange with intermediate decuplet baryons

include explicit SU(3) symmetry breaking in contact terms

future applications:  hypernuclei, exotic neutron star matter,
hyperons in nuclear matter (X, A mean-fields)

e estimate strength of three-baryon forces in SU(3) BxPT
by resonance saturation
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