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Figure 1 (Color online) Quark contents and quantum numbers of the
ground state baryon octet
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Figure 2 (Color online) Three-dimensional nuclear chart (Kaneta M, Tohoku University, Japan)
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Figure 3 (Color online) Level schemes of A=4 s-shell A hypernuclei®

40

o F B R T EE, Jf BB % R T
S B S BRI SY R B, A6 05 QCD I &5 AN SR A TR
AR, H-XUE T 1Y I A 1] BEAE AAFIEN
(B 2Z 18 P78 AR A #0371 PR A R, R
H-WE T RRME, HRAfEwaAEw /N, a0
AE i 17] T-EN. 1A SUB) X Bk e B ke % 17 AR & &
B HIEAERS S QCDHH . h T EIE R % JE.

SCE I, O FH-ME IR R A — HARK A
W 45 e. LB 44 12 2001 4F [ “NAGARA” H
PREBO 5@ i CHe #E A% A9 R 48 fiE Bor=(6.9320.16)
MeV HE B T H- X T 7R AR 45 1 vl Gg . ifi H Al 78
KEK™!", BELLE"?, RHIC"FILHCHY4: 52 |- 141
S0 I A R B H-BUE F A7 7 1) B AR, H
TCVEHERR HAFAE B AT BEYE. RS T-PARCM 14 52564k
B A AT 5 T H- XU T A9 A & 256 0 3R

AR ETFNREET TR PTA
S R EALBIR R A L 2 —, RREREA N
A BH R P AT (2M ) 22410, 242 4110~20 km.
BRI R N3E: REZR TPl A
JETE B F . ARG P2 A
B PE e K L R i R 2 2 A A% ) o
B pof)5~61%), BARB I T, (HR7E
FEEENIREE T, P IRA TR AL . X R
KT ISR T, BIRAIAHI S R, A
() b 2 B, 25 i 2 % 38 ) 3 R T8 R, 7 b2 3
K 3 — R B IS (O R 1 90 S5 B B R 2 p0~300), M
Frt e kA EARIE AR T, S0 s— 18 i 5%
KME, WNFEK R, I H K up=p,. M 1 n]
Pl e +n— X +v, B8, HALAYHE 7t nT DL i
ZERNAY 55 A0 ELAE FH P A A i B R BR B LT
T RES RS E AT AE . I AE 7 2 W R AR A T
REAF1EAE 1.

Hh - 5 ) AR M JBRT PN 2 RS AR R S T
FE L, B SE | AE R AR B 2 (] (I T 2
. BRI IERAPIR ST B, AR A% AR )
A OBAA B AE R B, AN SR H 2 R Y TR,
TUPER 25 0 R AR B 0, 31 55 75 20 0 o L A K o
KF oM, ; B ST LUK -8 7 22 18] (A A
MG, AR AERBRIN G B T AR 2. Bl
Hartree-Fock™®' .| Brueckner-Hartree-Fock > U A4 & 1Y
% E R PP AR T 5 A TR TR
HRE, TS SR A R R KR /N T 2M ;T



iE R

A%} Hartree-Fock™ | AR 235 f& 13 1
Bl J1 2D R T RS2 AR /N, BT LAY T TR
R R, HArS A R4S e, XA R
WYL FR A 7 [H 2% (hyperon puzzle).

T B - PR XA i R 22— ] DL 25 AT
KA EAE AR NS ERG . AT A
- A% A AR 3 Rl e G A% O
Rty e R B (Bl T RO SRR =, S8
RASHEBEWMHBEEY G LA ERKES.
AN, BT K Z 5% Y B 2 AR R R T
T B AR B RO - R A AR
F LS T8 1 Z (8 i = AR ) B sTikis A fr it —25

ﬁﬁ%[éo’él].

2 BB

M E— 5T AR, AT T -1
FHEL A B0 B i G I AN, B T 2 4 T B Y
RpCEER, AR AR 2 A g ik T
o R AE R R A AR BRI

F1REEET-BFES SRR
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Figure 4 Nonderivative four baryon contact terms (a) and one-pseu-
doscalar-meson exchanges (b). The solid lines denote incoming and

outgoing baryons, and the dashed line denotes the exchanged pseudo-
scalar meson
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Hypernuclear physics is the study of hypernuclei, their decays and productions, and the role they play in other related
fields. It has always been at the frontier of experimental and theoretical nuclear physics since the quantum number
strangeness was introduced and the first A hypernuclus was discovered in 1953. In recent years, open questions such as
the large change symmetry breaking in A=4 A hypernuclei, the overbinding problem of A=5 A hypernucleus, the
existence of the H-dibaryon and the hyperon puzzle in neutron stars have attracted a lot of attention.

Today facilities like J-PARC, KEK, JLab, MAMI and COSY allow one to study the properties of hypernuclei with a
precision and scope hitherto impossible. The experiments focus not only on the spectroscopy and weak decays of
hypernuclei with strangeness S=-1 and S=-2, but also on the fundamental XN cross sections. In the meantime,
theoretical techniques of few- and many-body calculations for hypernuclei have made steady progress, such as the
Gaussian expansion method, the lattice QCD simulations and the Dirac-Brueckner-Hartree-Fock approach.

Hyperon-nucleon interaction is the key input of the hypernuclear few- and many-body calculations. It plays a
fundamental role in the microscopic understanding of hypernuclear physics. Meanwhile, it can also help improve our
understanding of the role of strangeness in particle and nuclear physics, as well as the SU(3) symmetry and its breaking.

In this paper, we first review the origin of hypernuclear physics and enmumerrate the aforementioned open questions
of current interest. These outstanding issues reflect that the hyerpon-nucleon interaction is not fully understood so far.
Then we discuss at length the history and current status of theoratical studies of hyperon-nucleon interaction, which are
mainly performed in phenomenological models, lattice quantumchromo dynamics (lattice QCD) simulations and chiral
effective field theory. The construction of phenomenological models, such as meson exchange models and quark models,
has a rather long history. However, they predict very different results even for some of the low-energy phase shifts and
scattering lengths, owing to the rather loose constraint from the small number of hyperon-nucleon scattering data. Lattice
QCD simulations have made impressive progress since the 21st century, which provide an ab-initio numerical solution to
QCD from first principles. With the ever-growing computing power and evolving numerical algorithms, lattice QCD
simulations are getting close to the physical point (but still with large error bars). As the effective theory of low-energy
QCD, chiral effective field theory has proven to be a useful tool in studies of low-energy strong interaction phenomena.
The main feature of this approach is that by using a proper power counting scheme, one can improve calculations
systematically by going to higher orders in powers of external momenta and light quark masses, and meantime the
uncertainties of any given order. Furthermore, three- and four-body forces can be derived in a consistent manner. Studies
of hadron-hadron interaction in chiral effective field theory have made remarkable progress in the past two decades and
in the last part of this article we discuss the recent construction of hyperon-nucleon interaction in chiral effective field
theory in detail.

hypernuclear physics, hyperon-nucleon interaction, chiral effective field theory
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