SUR)O 1 SIVBNSEREICKD
N ARO>EFEIHEBE{ERICEDUVE

zaRDI\1ANO>

Asanosuke Jinno (fHEF§A: 22K, Kyoto Univ.)

in collaboration with Johann Haidenbauer (FZ Jilich)
UIf-G. MeifB3ner (Univ. Bonn, FZ Jiilich, Univ. Beijing)

AJ, J. Haidenbauer, and U.-G. MeiBBner, Phys. Rev. C 112, 065209 (2025).

* Motivation for studying hyperons in matter
« Baryon interactions within SU(3) chiral EFT
« N and Z single-particle potentials by YN force at N2LO
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* (1990-) I\ ROIRK:H: 2 — 4 py TI\AROHHEE, 272, REBLGENTIRIE.
e.g. N. K. Glendenning & S. A. Moszkowski PRL 67, 2414 (1991); R. Knorren, M. Prakash, & P. J. Ellis, PRC 52, 3470
(1995); S. Balberg & A. Gal, NPA 625, 435 (1997); S. Nishizaki, T. Takatsuka, and Y. Yamamoto, PTP 108 (2002) 703.
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* (2010-) XBEHHFE IEDXBZEE) DHS. 25
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- FEREDHI: -
NA RO BEFE3ESD (YNN) E‘é
e.g. D. Lonardoni, A. Lovato, S. Gandolfi, & Francesco Pederiva K "
(2015). I
DA—DHENROAREDVORA—)\—4E &
e.g. G. Baym, T. Hatsuda, T. Kojo, P. D. Powell, Y. Song, & T. o
Takatsuka (2018). $ZF (km)

P. Demorest et al. Nature (2010).
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© N\AINN=&DFA—=JIRTA VT4 >2D:U\(py) =~ —30 MeV

E.g. D. J. Millener, C. B. Dover, and A. Gal, (1988).

A SOIBRFIRRERTICUERRER: Us(py) = 30 + 20 MeV

A. Gal, E. V. Hungerford, & D. J. Millener (2016).

o N\AIN—ZD X D FHlTR R S
AJ, K. Murase, Y. Nara, & A. Ohnishi, PRC 108, 065803 (2023). 10
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Y. Nara, AJ, K. Murase, and A. Ohnishi, PRC 106 (2022) 044902. o R sz
FTEHBIKFHEROBRINGE, BERFECEITIEITERN

—=— GKW3+MD2
—— GKW3+MD3

JAM2.1

sy (B o




AAFROBER 6/24

N1 SIIBEMZERIC K DEMD/\UA > HEEE{FA(N2LO)
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Baryon interactions within
SU(3) Chiral EFT

Chiral Lagrangian ~Ep 0\\)
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‘/p Nuclear matter
- c p > po?

« 1RY > 322 (e.g. Nijmegen, Jiilich)X22 A —2FEF )L (e.g. FSS, fss2):
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. ##FQCD (e.g. HAL QCDiE)
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HhA1 I B3z :E (EFT)

« BT R)LF— (massless) QCDTIE SU(3),xSU(3),—SU(3), &TiEN.
Nambu-Goldstone (NG) 7/RY > nr(n*, 7% ™), K(K*, K™, K, Ky), n HiHIR

- B SI)LE?IEHEE (EFT): NG/RY > + Matter field (J\U A >) (+94%)

S. Weinberg, “Phenomenological Lagrangians”, Physica A96, 327 (1979).
“Folk theorem”. EFTDEX

if one writes down the most general
possible Lagrangian, including all terms consistent with assumed symmetry
Wandthen calculates matrix elements with this Lagrangian to any
given order of perturbation theory, the result will simply be the most general
possible S-matrix consistent with analyticity, perturbative unitarity, cluster
decomposition and the assumed symmetry principles.
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REHENE (power counting) [CK D, BUVNEBRIETEELRDIIIMIT7ISL%E
PREHT S. Weinberg, Physica A96, 327 (1979). —» RN IBEIEEZRIEEICT S !

Adopted from E. Epelbaum’s slide
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* N2LO 3BFs within SU(3) have too many low-energy constants (LECs).
S. Petschauer, N. Kaiser, J. Haidenbauer, U. G. MeiBBner, & W. Weise (2016)

* Decuplet saturation: inserting decuplet baryons
S. Petschauer, J. Haidenbauer, N. Kaiser, U. G. MeiB3ner, & W. Weise (2017)

meson
E.g. Meson-octet — S \
Meson-octet vertex o RN <
Octet baryon )

Decuplet baryon A, X%, A*

Decuplet saturated 3BF (Only 3 LECs!)
For hyperon in matter: D. Gerstung, N. Kaiser, and W. Weise (2020).

-/ | \/ | - : »l ----- x C XOCH]_,HZ

Determined
t---- r from A - N
transition
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AJ, K. Murase, and Y. Nara, PoS EXA-LEAP2024, 034 (2025).
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SRFFT—AREEZTICUIRIRKREE: Us(py) =30+ 20MeV| S THEBRESES...?
A. Gal, E. V. Hungerford, & D. J. Millener (2016).
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A and % single-particle potentials
by YN force at N2LO

AJ, J. Haidenbauer, and U.-G. MeiBBner, Phys. Rev. C 112, 065209 (2025).

A\ single-particle X single-particle

: R vet potential potential
Q [ ‘ Nuclear matter
- d

w3
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BB force  LO In 2006: H. Polinder, J. Haidenbauer, & U.-G. MeiBner.

* First version up to NLO (NLO13) in 2013
J. Haidenbauer, S. Petschauer, N. Kaiser, U.-G. MeiBner, A. Nogga, & W. Weise

« Alternative version up to NLO (NLO19) in 2019
J. Haidenbauer, U.-G. Meiliner, & A. Nogga

* N2LO in 2023!
J. Haidenbauer, U.-G. MeiBner, A. Nogga, & H. Le, Eur.
Phys. J. A59, 63 (2023).

N2LO YN force has several extensions Review: J. Haidenbauer, Ulf-G.
MeiBner, & A. Nogga,

from the NLO13 and NLO19 YN forces. ArXiv-2508.05253




Extensions in N2LO YN force (1/2) 16/24

« J-PARC E40 data impose further > X*p: Nanamura et al., PTEP 2022, 093D01 (2022).

constraints on 3S1 channel. > X~ p: Miwa et al., Phys. Rev. C 104, 045204 (2021).
+ +
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- . shift (1=3/2) & i oo oo
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J. Haidenbauer, U.-G. MeiB3ner, A. Nogga, H. Le, Eur. Phys. J. A 59, 63 (2023).



Extensions in N2LO YN force (2/2) 17/24

A better regularization scheme called Semi-local momentum space reqularization

(SMS) is applied.
P. Reinert, H. Krebs, and E. Epelbaum, Eur. Phys. J. A 54 (2018) 5.

 NLO13 and NLO19: all potentials are non-locally regularized as

pfl _I_ p 4
A4

Vieg(ps 0" A) = V(p,p') exp

« SMS N2LO: Eg. 1t exchange
NOT disturbing the long-range behavior ocall
Realizing the construction of NN N4LO*. : Non-locally

1 2 2
Vlﬂ-(q,A) x exp (_q —|_mﬂ')
Meson
exchange .
(Better convergence!) regularized

reg g2 + m2 A2
P. Reinert, H. Krebs, and E. Epelbaum, Eur. Phys. J. A 54 (2018) 5.




* NN: up-to-date chiral interaction SMS N4LO+*(450)
P. Reinert, H. Krebs, and E. Epelbaum. Eur. Phys. J. A54(5), 86 (2018).

* YN: SMS up to N2LO
NLO13 and NLO19 for comparison

» Brueckner theory is utilized to evaluate the single-particle potentials.
E.g. M. Kohno et al., NPA 674, 225 (2000), S. Petschauer et al., EPJA 52, 15 (2016).

G =13 4¢3 QG) Uy = » (Ym|G(w = ey + €)Y m)

e m<A

Qlpqg) = e(w) =w — Hy

0 otherwise

Pauli op. {pq> for p.g> A

Continuous choice (Ug(k) # 0 for k > kg) is employed,
a better choice than gap choice (Ug(k) = 0 for k > kg)




N\ density dependence

NLO13 and NLO19 SMS LO and NLO SMS N2LO
O T T T T T T T T T
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N
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- - — b
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NLO19, SMS NLO and N2LO show similar trend, U,(py) = —45 to —35 MeV

Cf. A recent phenomenological analysis:

Two—body f
y{Twobedyforee) .,y — _38.6 + 0.8 MeV
E. Friedman and A. Gal, Nucl. Phys. A 1039, 122725 (2023).

YNN should make =~ 10 MeV
of repulsion at p,



2 density dependence

20 NLO13 and NLO19 SMS LO and NLO SMS N2LO
=== NLO13(500) ‘ ----- SMS LO{?'OO) ~ —— SMS N2LO[500)
—— NLO19(500) —— SMS NLO(500) Symmetric --- SMS N2LO(550)°
60 - NLO13 1 30 i 20 MeV === SMS NLO(550) 1 nuclear —:= SMS N2LO(550)° T
_ A. Gal E.V. == SMSNLO(600) | | .. eeses SMS N2LO(600)
S S matter
2 a0 e Hungerford, D. J.
= ‘. Millener (2016)
=)
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x ' .f"/ NLO19 et /
0 A’ ---------- /
-------------------------- ’_____...--""
_____ o ________‘_.‘.-_-_:-.‘_‘.:'.— _____________.--"""
. | | | | ~ SMS NLO | | |
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SMS NLO and N2LO yield more attractive Uz(py) = —10 MeV than
NLO13 and NL019, Uz(po) ~ 10 MeV.

(Note) Extraction of Us(p,) from exp. data has many discussions: Cf. E. Oset et al,, Phys. Rept. 188, 79 (1990);
M. Kohno et al., PRC 74, 064613 (2006); T. Harada and Y. Hirabayashi, Phys. Rev. C, 107, 054611 (2023)



2 partial-wave decomposition

[sospin Ip = 1/2 [sospin Ip = 3/2 L7p E|351EIC
1g, 35,13D, P lg, 3§,43D, P cross section
SMS LO(700) |7.1  —16.7 —1.9 —10.4 ~1.5| g
SMS NLO(550) |8.0 —25.0 —-0.3 —10.7 —3.4 : " Eelecta (197)
SMS N2LO(550)*| 7.5~ —24.9 3.4 —11.0 —4.4 R o teremmetd
SMS N?LO(550)°|7.5 ~ —24.8 3.6 —11.0 -50, | % |
NLO13(500) 6.2 —26.2 3.7 —11.1 —0.8
NLO19(500) |6.0  —19.5 3.8 —10.4 —o0s| £ _,_NLO19
© verestimate)

50—

J-PARC E40 data constraint on the X" p cross section

leads to less repulsive isospin 3/2 channel (= X p). - | 77+

SMS N2LO
> *p data: Nanamura et al., PTEP 2022, 093D01 (2022). f0 200 a0 aw w0 eo 700

Pias (MeVi/c)




Uncertainty estimate (Truncation error) 22/24

« Within chiral expansion, an observable X up to ith order is expressed as
X(?,) :XLO +AXNLO+AXN2LO _|_AX?,
0(Q°) o(e*)  0o(e*)

] . ; BB force 3B force i

* Error at ith order would be estimated as """"""""""""""""""""""""""
E. Epelbaum, H. Krebs, and U.-G. MeiBner, PRL, 115, 122301 (2015). LO >< \»* —
X0 = Q?[X10), S A —

SXYNLO _ o« (Q3 xLO Q ’XNLO B XLO‘ ), NLO >< +:;:{ {-::l [;le [] _

-------------------------------------------------------------------------------------------------------------

s (@[ X19] Q2 XMO - XL, o ] ] RO

Q ‘XNQLO B XNLO‘ )

5XN2LO

Adopted from E. Epelbaum’s slide

7

* ) = max(p/Ay, M. /Ay) , p: Fermi momentum.
A, = 480 MeV as inferred from a Bayesian method on nuclear matter
J. Hu, P. Wel, and Y. Zhang, Phys. Lett. B 798, 134982 (2019).
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| Phenomenology

¥

30 + 20 MeV
A. Gal, E. V.
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Millener (201 6)#‘,_..7
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N2LO 7

“NLO

NLO error provides a glimpse on the size of YNN first appears at N2LO.
YNN must create a repulsion at p,, as one can see from the N2LO error.




Summary
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~100; 5 * (Future work) DEIN\1I\—EH 5SROI

s“ﬁ]{féb{g] i YNN (BE{&F2471) OBEA

[1] AJ et al,, PRC 108, 065803 (2023). H. Le, J. Haidenbauer, U.-G. MeiBBner, and

[2] AJ et al., PoS EXA-LEAP2024, 034 (2025).
[3] AJ et al., PRC 112, 065209 (2025). A. Nogga, PhyS Rev. Lett. 134, 072502, (2025)
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