Hyperon-nucleon interaction and light

hypernuclei in chiral effective field theory

Johann Haidenbauer

IAS, Forschungszentrum Jilich, Germany

Workshop on Physics of Hypernuclei and Hyperon-Nucleon
Interactions, Huizhou, China, December 19-20, 2023

@) JULICH =D

Forschungszentrum

(Hoai Le, Ulf-G. MeiBner, Andreas Nogga)

Johann Haidenbauer Hyperon-nucleon interaction



0 Introduction
9 YN interaction in chiral effective field theory
e Hyperon properties in infinite nuclear matter

e Light A hypernuclei

e Summary

Johann Haidenbauer Hyperon-nucleon interaction



Hyperon physics - recent developments

@ Role of hyperons in neutron stars (“hyperon puzzle”)
Neutron stars with masses > 2M,, = stiff equation of state (EoS)
With increasing density n — A = softening of the EoS
= Conventional explanations of observed mass-radius relation fail

@ New measurements of Ap cross sections by the CLAS
Collaboration at JLab
New extended measurements of =N observables in the E40
experiment at J-PARC
differential cross sections for = *tp, X~ p

@ Measurements of two-particle momentum correlation functions
by the STAR, HADES, and ALICE Collaborations

(Ap, AN, =7 p, ...)

@ HAL QCD: Lattice QCD simulations for YN interactions for quark
masses close to the physical point (M, ~ 145 MeV)

@ Progress in ab initio methods like no-core shell model (NCSM)
microscopic calculations of hypernuclei upto A > 10
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BB interaction in chiral effective field theory

Baryon-baryon interaction in SU(3) xEFT a la Weinberg (1990)
Advantages:

@ Power counting
systematic improvement by going to higher order

@ Possibility to derive two- and three-baryon forces and external current
operators in a consistent way

® degrees of freedom: octet baryons (N, A, ¥, =), pseudoscalar mesons
(m, K, m)

® pseudoscalar-meson exchanges

® contact terms — represent unresolved short-distance dynamics
involve low-energy constants (LECs) that need to be fixed
by a fit to data

AN-XN interaction

LO: H. Polinder, J.H., U.-G. MeiBner, NPA 779 (2006) 244
NLO13: J.H., S. Petschauer, N. Kaiser, U.-G. MeiBner, A. Nogga, W. Weise, NPA 915 (2013) 24
NLO19: J.H., U.-G. MeiBner, A. Nogga, EPJA 56 (2020) 91

SMS NLO, NLO: J.H., U.-G. MeiBner, A. Nogga, H. Le, EPJA 59 (2023) 63

(BB systems with strangeness S = —1to —6)

Johann Haidenbauer Hyperon-nucleon interaction



Extension of EFT interaction up to N“LO

(Nucleon-nucleon forces in chiral EFT (E. Epelbaum))

Two-nucleon force Three-nucleon force Four-nuc leon force
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N2LO: no additional BB contact terms (no new LECs) in the two-body sector

leading-order three-body forces (3BFs)




NN interaction in chiral EFT

Semilocal momentum-space (SMS) regularized chiral NN potential
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(Reinert, Krebs, Epelbaum, EPJA 54 (2018) 86) [up to N*LO (N*LO™) I1]

LO to : drastic change in all partial waves
to N°LO: changes mostly in P-waves and higher partial waves
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chiral = N potential up to N°LO

adopt the framework of Reinert, Krebs, Epelbaum, EPJA 54 (2018) 86:
“Semilocal momentum-space regularized (SMS) chiral NN potentials”

® employ a regulator that minimizes artifacts from cutoff A

nonlocal cutoff (g =p’ —pP) (used in NLO13 and NLO19 YN potentials)

14, 4
e & R PR A AP
x = _ _
T @M @M A
local cutoff: 2er
e » 1 1 FP+M
reg s
1"“52+M§%62+M§_ﬁ+7/\4 + ...

does not affect long-range physics at any order in the 1/A2 expansion

applicable to 27 exchange too:

2 oo
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T Jom,

NN: A = 350-550 MeV (7)  YN: A = 500-600 MeV (r, K, 1)
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Ap ->Ap

Sechi-Zorn et al

Sp->3p

Results for N interactions

Sp->3p
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SMS YN potentials up to NLO, N?LO (with A = 550 MeV)
(J.H., U.-G. MeiBner, A. Nogga, H. Le, EPJ A 59 (2023) 63)
NLO19: JH., U--G. MeiBner, A. Nogga, EPJA 56 (2020) 91

quality of the fit — total x? (36 data points):
NLO19(600): 16.0 SMS NLO: 15.2 SMS N2LO: 15.6

cross sections dominated by S-waves (are already well described at NLO)
—» (as expected) practically no change when going to N°LO
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Sp->An
T T

Results for N interactions

T
\ ® Eiscleetal
1 o Ametal
® Eiscleetal i m  Nanamura (2022)
O Kondoetal | -
m Miwa (2021) — NNLO
i 4 — fss2
10 <o+ NSCOTH
—— Jolich 04
@ Engelmann etal. 100k
O Stephen
m Miwa (2022)
I~
E
°
L 3 =
50 % .
| | | | | | | | | I | | |
G0 200 300 400 500 600 fo0 200 300 400 500 600 700 H00 200 300 400 500 600 700
P (MeVic) Piap (MeVic)

P (MeVic)

integrated cross sections at higher energies not included in the fitting process!

Stp— Ytpand ¥~ p — ¥~ pcross sections:

COS Omax
2 / Lw) dcosé
I dcosf

P —
COS Bmax — COS Omin Jcos O min

€O0S Omin = —0.5; €0S Omax = 0.5
Julich 04, Nijmegen NSC97f ... meson-exchange potentials

fss2 ... Fujiwara et al. (constitutent quark model)

nucleon interacti
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Results for N interactions

fp > 2‘p Z'p -> Z'p

T T T T T
NLO19 (efited)
Z+p —= NLO
7L — NNLO
——- NNLOA

]
Pl = 500 MeV/c | Ppay = 800 MeV/c
E

T. Nanamura et al.,
PTEP 2022 (2022) 093D01

440 < pjap < 550 MeV/c
(Tjap =~ 100 MeV)

550 < pjap < 650 MeV/c
(Tiab = 150 MeV)

LECs in the 'Sy, 3S;-3D; fixed from low-energy YN cross sections

SMS NLO: LECs in 3 P-waves taken over from NN fit (RKE)
(strict SU(3) symmetry: Viyy = Vi in the 'S, 3Py 1 2 partial waves!)

SMS N2LO: LECs in P-waves fitted to the E40 data (two trials)!

data suggest a drop from 440 < p < 550 MeV/c to 550 < p < 650 MeV/c!
effect of AprT threshold (~ 600 MeV/c)?
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Results for N interactions

Sp->An Sp->3p
5 T T 8 T T
Py = 500 MeVic

Pras

=500 MeV/c l
i

>~ p — An: quite well reproduced by NLO19 (NLO13) and SMS YN potentials
>~ p — X~ p: behavior at forward angles remains unclear

>~ pand X~ p — Andata for (550 < p < 650) MeV/c are reproduced with comparable
quality

® no unique determination of all P-wave LECs possible
® one needs data from additional channels (Ap, =~ p — ¥%n, ...)
® one needs additional differential observables (polarizations, ...)

hann Haidenb: Hyperon-nucleon interaction



The ' in infinite nuclear matter

Gal, Hungerford, Millener, Rev. Mod. Phys. 88 (2016) 035004
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Fit to the separation energies of heavy A hypernuclei with a standard Woods-Saxon
potential Vs representing the A-nucleus interaction with depth V; = —30.05 MeV,
radius R = ry A'/3, where ry = 1.165 fm, and diffusivity a = 0.6 fm

A binding in infinite nuclear matter = Uy, ~ —30 MeV !
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and in infinite nuclear matter

non-relativistic lowest order Brueckner theory (Bethe-Goldstone equation):

(YN[Gyw(OIYN) = (YNIV]YN)
+ Y {YNIVIY'N) <Y'N\C?HO\Y'N> (Y'NIGyn (O] YN)
Y'N

Q ... Pauli projection operator

¢ = Ev(py) + En(pn)

2

_ Pa
Ea(ps) = Mo + 5i-

U, ... single-particle potential

Uy(py) = /p P YNIGA(UN)IYN)

+Ua(pa)7 a=NM\1x, N

By(o0) = —Uy(py = 0) - evaluated at saturation point of nuclear matter

= J.H., U.-G. MeiBner, NPA 936 (2015) 29; S. Petschauer, et al., EPJA 52 (2016) 15
J.H., U.-G. MeiBner, A. Nogga, EPJA 56 (2020) 91
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ke dependence of U (p

symmetric nuclear matter

neutron matter
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NLO13 and NLO19 are almost phase equivalent

ke (1/fm)

NLO13 characterized by a stronger AN-:N coupling potential (3 S 3 Dy)

Bethe-Goldstone equation for coupled channels: strong dispersive effects

contributions from three-body forces are missing
(S. Petschauer et al., NPA 957 (2017) 347): ANN force — density-dependent effective AN interaction
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certainties in purely nucleonic case

F. Sammarruca et al., PRC 91 (2015) 054311 J. Hu et al., PRC 96 (2017) 034307

(NLO, N2LO, N3LO) (NN potentials from Epelbaum et al., EPJA 51 (2015) 53)
25 (a) Nuclear Matter
B 5. 5
S o Z . =
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Alternative schemes:
® Holt, Kaiser, Weise (PRC 81 (2010) 024002): consider density-dependent corrections to the in-medium NN
interaction that result from three-nucleon forces

® Hebeler et al. (PRC 83 (2011) 031301): Use low-momentum interaction (soft Hamiltonians) so that high-order
corrections to the Hartree-Fock scheme can be evaluated easily

® . Oller (JPG: Nucl. Part. Phys. 46 (2019) 073001): power counting scheme for in-medium chiral perturbation
theory

® phenomenological approaches: mean field models, ...
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Density dependent effective N interaction

(for application to heavy hypernuclei and hyperons in infinite nuclear matter)

three-body force:

= density dependent effective YN interaction:

ol L4 |- # }@

close two baryon lines by sum over occupied states within the Fermi sea

arising 3BF LECs can be constrained by resonance saturation (via decuplet baryons)
(— 1 for ANN, 2 for “NN, =NN, ...)

J.W. Holt, N. Kaiser, W. Weise, PRC 81 (2010) 064009 (for NNN)

S. Petschauer et al., NPA 957 (2017) 347 (for ANN)
D. Gerstung et al., EPJA 56 (2020) 175 (ANN, =NN)
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D. Gerstung et al.,

EPJA 56 (2020) 175 w

(NLO13 & NLO19) 200
include ANN, NN 3BFs 100
(in form of density-dependent effective 0
AN, N potentials) o

symmetric nuclear matter

243 BF

neutron matter

VL]
plPy

NLO13
AN + ANN
AN only

NLO19
T—— AN+ANN
AN only

3 4
p/po

hann Haidenb:

0 1 2

un(p) < un(p) = energetically favorable to replace nby A

Hype

3 1
p/po

(un(p) = Mp + Un(p))

AN only: equation-of-state becomes too soft to support 2 M, neutron stars (“hyperon puzzle”)
AN + ANN: appearance of As can be avoided

nucleon interacti




Implications tars (incl.
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Mmae(Mo) R (km)  ne (fm™%)
o R Nucleonic 2.08 10.26 1.15
s L5 T~ o
s e TN NSC97a 1.31 10.60 1.40
= N
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——+ NSC97 \ . \y, 7 <
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Nuc!eunlc
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nuclei within the {

Basic idea: use harmonic oscillator states and soft interactions
@ m-scheme uses single particle states (center-of-mass motion not separated)

] antisymmetrization for nucleons easily performed (Slater determinant)

@ larger dimensions
(applications to p-shell hypernuclei by Wirth & Roth; A < 13)

Jacobi-NCSM
@ uses relative (Jacobi) coordinates (Hoai Le et al., EPJA 56 (2020) 301)

@ explicit separation of center-of-mass motion possible
@ antisymmetrization for nucleons difficult but feasible for A < 9

@ small dimensions
Soft interactions: Similarity renormalization group (SRG) (unitary transformation)

dH(s)

o =T HELHE]  HE) =T+ V() v(s) : vM(s), v (s)
S

Flow equations are solved in momentum space
1/4
parameter (cutoff) A = (4;;%,\,/5) / is a measure of the width of the interaction in momentum space

V(s) is phase equivalent to original interaction

transformation leads to induced 3BFs, 4BFs, ...

(induced 3BFs included in the work of Wirth & Roth and in our recent studies)
(induced 4BFs are most likely very small)
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Procedure

slide from Hoai Le:

e extrapolation of energies:

» Efw, /) = E,; + k(log(®) — log(w,,))> » E,=E_ +Ae "
-12{% Ve NN: SMS N*LO*(450)
“He =1
A=T7fm"~
-20
s Epy=-27.15+£002 MeV
g&
2 E,=—27.146 £ 0.062 MeV
T:_T -24
-26
20 24 28 32 36 40 44 48525660 6 8 10 12 " 14 16 18 20
v e » lowest £, , are used for WV -space extrapolation Q/

opt

> estimated uncertainties are rather conservative

 extrapolation of A separation energies: By = E, ,, — Ehyp .

» strong correlations between £, (AN), E, N
9 mel A Enyprucl() YN: SMS N2LO(550)

= By = B = By ) . P
YN —

By (3He(1%,1/2)) [MeV]

By sy =By +Ae™”

HL, J. Haidenbauer, U.-G. MeiBiner, A. Nogga EPJA 56 (2020) B e PRI YRV S
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Results for B. (A < 8)

Hoai Le et al., PRC 107 (2023) 024002

® NLO13 and NLO19 are almost phase equivalent
® NLO13 characterized by a stronger AN-SN coupling potential (3S;-3Dy)

¥ NLO13(500)
81 ¥ NLO19(500)
3 B0 ?
Count,|
-
6 ts ]
-
— [ Emul
% Count. Emul.
=
=4
<
[a) -
-
2 = =
. o
-
=
-
0] *e=

TR U AR AR AR I T AR R T AR
Experiment: M. Juri¢ et al. NPB 52 (1973); E.Botta et al., NPA 960 (2017) 165

NN: SMS N*LO™ (450) + 3NF: N2LO(450)
YN: NLO13(19) + SRG-induced Y NN force — but no chiral YNN forces!

o NLO13 underestimates separation energies
o NLO19 describes 4He(17), SHe, 7 Li fairly well
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CSB in the 4He - 4H hypernuclei

SH+A 0 ‘He+A
1242002
1410672008 (1976) 1+ 0984005
EY E7
O —t—
215720007 (2016) P ;
204£004 (1973) 239+005
N
H 4He

B,[MeV]

Schulz et al (2016); Yamamoto et al (2015);
Juric et al (1973); Bedjidian et al (1976,1979)

AE(1*) = By(He, 17) — B\(H, 1*) = —83 +£ 94 keV

AE(0*) = By\(1He,0") — B\({H,0%) =233 £92 keV
A ECH,>He) ~ 683 + 81 keV (R.Brandenburg et al NPA 204(1978))

Coulomb AM(p,n)

CSB YN interactions at NLO (. Haidenbauer, U.-G. MeiRner, A. Nogga FBS 62(2021))

¢ sub-leading contributions are dominant:

Tmgo—my

. N N
o s T g -}W*
N N N Al N

(Dalitz, von Hippel, 1964)

>< >< CESB, CESE adjusted to AE(0T, 17)

P {ﬂ(z”\b‘mm)

3 in

(fm//keV) | a7 al"  Ga | a af day
NLO19(500)

I, -2.91 -2.91 0 |-1.42 -1.41 -0.01

(%132 n) no CSB

o, | T

1~ Mo CSB(500) | -2.65 -3.20 0.55|-1.58 -1.47 -0.11
CSB(550) | -2.64 -321 0.57| -1.52  -141 -0.11
CSB(600) -2.63  -3.23 0.6 | -1.47 -1.36  -0.09
CSB(650) | -2.62 -3.23 0.61| -146 -1.37 -0.09

—> cutoff (and YN) independent prediction for a(An)
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CSB results for A=4,7,8 hypernuclei

Hoai Le, J.H., U.-G. MeiB3ner, A. Nogga, PRC 107 (2023) 024002

& NLO13(500)
300 ® FrNLO19(500)
¥ NLO19(500)
s5% £ oo
200
- } NN:SMS N*LO+(450)
%) 100
= +3N: N2LO(450)
0
° o i I T +YN: NLO13,19(CSB)
-100 s%} +SRG-induced YNN
—200
ape — A o* apte — R v 188~ i spe— 1

e NLO13 & NLO19 CSB results for A=7 are comparable to experiment.
¢ two potentials predict a somewhat larger CSB in A=8 doublet as compared to experiment

—> » experimental CS splitting for A=8 could be larger than 40 = 60 keV?

@ CSB estimate for A = 4 too large? different spin-dependence?
STAR Collaboration (M. Abdallah et al., PLB 834 (2022) 137449)
ABp(4He -4H; 01) = 160 + 140keV; ABy(fHe-4H; 17) = —160 + 140 keV
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Separation energies for A=3-8 /\ hypernuclei (MeV)

® NLO13(19), SMS NLO,N2LO are phase equivalent (x2 ~ 16 for 36 YN data points)
® NLO13 characterized by a stronger AN-N coupling potential (3S;-3Dy)

’ ‘ 3H [Faddeev] | %He(0") 4He(11) ‘ SHe ‘ TLi ‘ 8Li
NLO13 0.090 1.48 +0.02 0.58 £ 0.02 2224006 | 528+0.68 | 5.75=+1.08
NLO19 0.091 1.46 + 0.02 1.06 + 0.02 3.324+0.03 | 6.04+0.30 | 7.33£1.15
SMSNLO | 0.124 2.10 £ 0.02 1.10 4+ 0.02 3.34 + 0.01
SMSN?LO | 0.139 2.02 4+ 0.02 1.25 4 0.02 3.71 £ 0.01
Exp.* 0.164 +£0.04 | 2.347 +£0.036 | 0.942+0.036 | 3.102+0.03 | 5.85+0.13 | 6.80 £ 0.03
5.58 £ 0.03

NLO19 (600): 4He(17), SHe, / Li fairly well described

NLO13 (600) underestimates most separation energies

SMS NLO,N2LO (550): 4He(0F, 1), 3He fairly well described
(?\H is used to constrain the strength of the AN singlet/triplet interaction!)

are the variations due to (missing) chiral Y NN forces?
chiral YNN forces appear at N2LO
= estimate size of YNN forces from truncation error in the chiral expansion

*Chart of Hypernuclides https.://hypernuclei.kph.uni-mainz.de/
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Uncertainty quantification for EFTs

@ Uncertainty for a given observable X(p):
(EKM: Epelbaum, Krebs, MeiBner, EPJA 51 (2015) 53, S. Binder et al., PRC 93 (2016) 044002)
estimate uncertainty via

® the expected size of higher-order corrections
® the actual size of higher-order corrections

axto = 02|XLO| (XNLO ~ OZXLO) expansion parameter : Q ~ My /Ap ~ 140/600
axMo (Os\XLO\, Q' |6XNLO‘) . sXMLO _ xNLO_ L0
2 2 2 2
axNLo _ (04‘XLO‘VQZ‘6XNLO" a'1sxN LOl) . xMPLO _ yNPLO_ yNLO

@ Bayesian approach (Furnstahl, Kico, Phillips, Melendez):
(Furnstahl et al., PRC 92 (2015) 024005; Melendez et al., PRC 100 (2019) 044001)

koo
X = XO 376X = Xgr(op + 0% + Q% + ..0)
i=2
oo
ax® = X, ( > c,,o”) P cn ~ O(1); cnlE® ~ N(0,87); &8 ~ x2(vg, )
n=Kk-+1

e .. marginal variance; v ... prior degrees-of-freedom; 2. prior scale (pointwise model)

Q, 52, etc. ... deduced from order-by-order calculations, prior expectations, consistency plots
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Truncation error within the

Hoai Le et al., arXiv:2308.01756

023
3.00
020
S 018 < 2550
]
S 01 Z 200
B s . = .
0121 . .
= ! . ! Siso
o 0.10 o - .
. . . S . T
0.08 1.00 i =
.
0.05 0.50
L0 NLO N2LO NLO N'LO* Exp LO NLO N?LO Exp LO  NLO NLO N’LO N'LO* Exp LO NLO N?LO Exp
12 Do 95%
4.00 D08 68%
o= 450 ey
10 o hw
= = ® cutoffdependence of N'LO*
S 330 Fd e
] 2 4
= 3.00 =
= 4 5 .
+ 6
o 2.50 . . z
5 . = = =
. . 4
B200{e [} . & —. . ] 5
1.50 2
.
Lo NLO N2LO NLO N'LO* Exp LO NLO N2LO Exp O NLO NLO NLO N'LO* Exp LO NLO N?LO Exp

® NN: SMS LO - N*LO™ (+ N°LO NNN force)
® YN: SMS LO, NLO, N°LO

e excellent convergence for NN interaction
® uncertainty is dominated by the truncation in YN interaction

o cffect of YNN 3BF ~ half of 68% DoB interval for NLO result
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Truncation error for separation energies B, (MeV)

Truncation error at NLO provides an estimate (upper limit) for the
contribution of the leading order ANN (and X NN) 3BF to the
separation energies B,

NLO N?LO NLO N?LO
AX leYN _XYN ) \X

YNN
Bayesian approach EKM
Aeg(NN)  Agg(YN) || A(NN) A(YN) | A(NN) A(YN)
Q=0.31 Q=0.40
3H 0.01 0.02 0.01 0.02 0.01 0.02
4He (07) 0.16 0.24 0.06 0.30 0.13 0.39
4He (17) 0.11 0.21 0.07 0.36 0.09 0.47
SHe 0.53 0.88 0.64 1.1 0.83 1.4

= expect YNN 3BF contributions of 20 keV (3H), 250 keV (4H, 4He), 900 keV (3He)

® Kamada et al. (PRC 108 (2023) 024004): explicit inclusion of 27 exchange ANN 3BF
= AB) ~ 20 keV (and repulsive!) (based on NLO13, NLO19)
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Three-body forces are not observables!

two-body off-shell ambiguities < three-body forces (Polyzou & Gléckle, 1990)

depend on degrees of freedom considered in the calculations
(N, Aonly ...orx, A, 5%, ..)

different degrees of freedom in the effective field theory

LO >K — —
ol - - g
| XK X

® (different counting schemes
® (different hierarchy of 3BFs

(Hammer, Nogga, Schwenk, Rev. Mod. Phys. 85 (2013) 197)
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Three-baryon forces in chiral EFT

2N Force 3N Force

LO

NLO

N2LO

@ 3N force (van Kolck, PRC 49 (1994) 2932; ... E. Epelbaum et al., PRC 66 (2002) 064001)
2 LECs in 3N force: D (cp), E (ce) — have to be fixed in 3N sector
(e.g., ®H binding energy + *He binding energy)

(27 exchange 3N force: ¢y, c3, ¢4 ... fixed from 7N scattering)
number of LECs small because of the Pauli principle

@ BBB force in SU(3) chiral EFT (s. Petschauer et al., PRC 93 (2016) 014001)
BBB contact terms: 18 LECs (ANN: 3 LECs)
one-meson exchange terms: 14 LECs (ANN: 2 LECs)
two-meson exchange terms: 10 LECs ... (by, bp, br, b1 2,34, 01 23)
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Three-baryon forces with decuplet baryons

3B Force with decuplet baryons

LO —

s

0

-1 -+
NLO - Lo

| /
4-1-30 31 35

N2LO | W b s + ...

NNN: inclusion of the A(1232) resonance

Epelbaum, Krebs, MeiBner, NPA 806 (2008) 65; Epelbaum, Hammer, MeiBner, Rev. Mod. Phys. 81 (2009) 1773
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Decuplet (resonance) saturation + SU(3) symmetry

@ new vertices:

< one constant (C = 3g4 &~ 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®1058 3/21/2=1¢2
initial state 8®8=27®8,0101001008, 1/2®1/2= 0 & 1
symmetric antisymmetric a.sym. sym.

@ estimate chiral three-baryon forces via decuplet saturation:

XK Tt

ANN: 1 LEC (AN < x(1385)N contact term)
ANN-3:NN, ~NN: 1 additional LEC (XN <« >(1385)N contact term)

= 3BF involves only 2 LECs ... to be fixed from B/\(j‘\H),
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Hyperon-nucleon interaction within chiral EFT
@ AN-XN interaction within semilocal momentum-space regularized chiral EFT
confirm our previous YN results (up to NLO) based on a nonlocal regulator
successful extension to N°LO
new ¥ *p differential cross sections around pys =~ 500 MeV/c can be described
unique determination of the P-waves is not yet possible
A in infinite nuclear matter
@ Upr(pr = 0) = —30 MeV ... but large cutoff dependence
@ effective (density dependent) YN contributions from three-body forces
stabilize the results
provide sufficient repulsion to resolve the so-called hyperon puzzle
Hypernuclei
@ three-body forces: are small for ?\H, as expected
moderate for 4H, 4He, 3He ... needs to be quantified/confirmed by explicit
inclusion of 3BFs
— LECs of 3BF could be fixed from B(j‘\H),
@ charge-symmetry breaking in 4H — 4He
can be reproduced when taking into account the full leading CSB potential within
chiral EFT
@ charge-symmetry breaking in A = 7 — 8 A-hypernuclei
predicted CSB splitting for 7 Be, 7 Li*, THe is in line with experiments
CSB splitting for 8Be, 8Li is overestimated
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