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Abstract. Light hypernuclei containing one or two Λ baryons are the subject

of an ongoing experimental campaign aiming to study the spectrum of these
systems, as well as the 2 and 3-body interaction between Λ hyperons and nucleons. Here we shortly review the theoretical study of these systems within the
framework of baryonic effective field theory.

1 Introduction
Baryonic effective field theory (BEFT) describing the dynamics of hypernuclei composed of
protons (p), neutrons (n), and Λ-particles as the only degrees of freedom, has proven itself
over the last few years as an useful tool to study bound and resonance states in light singleand double-Λ, hypernuclear systems. Constrained to reproduce the available low energy
data, BEFT solves the longstanding overbinding problem of the 5ΛHe hypernucleus [1, 2], and
predicts the existence of bound double-Λ hypernuclei still under debate. Its application to
study the continuum spectrum of hypernuclear trios reveals the existence of a virtual state in
+
the Λ-neutron-proton (Λnp) J π = 32 channel, leading to cross-section enhancement near the
+
Λ-deuteron threshold. For the Λnn J π = 12 channel it predicts a resonance state, depending,
however, on the value of the Λ-nucleon scattering length. Recently, BEFT was also applied to
study the 4Λ H- 4Λ He charge symmetry breaking, yielding an estimate for the Λ − Σ0 admixture
amplitude AI=1 ≈ 1.5% in agreement with the value deduced by Dalitz and von-Hippel from
the baryon octet mass [3].
In this article we shortly review the foundation of BEFT, the determination of its low
energy constants (LECs) using the available experimental data, and its application to the
study of light single- and double-Λ hypernuclear bound and resonance states, as presented in
[1–6].

2 Baryonic EFT
BEFT is a nuclear effective field theory (EFT), see e.g. [7], having baryons as the only
degrees of freedom. As such, BEFT provides a low energy realization of QCD, the fundamental theory of the strong interactions. The details of the QCD dynamics are encoded in the
BEFT interaction strengths, the LECs. Being a low energy theory, the physical observables
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in BEFT are calculated as expansions in Q/Mh , with Q being the typical momentum scale of
the physics we want to describe, and Mh the scale where the EFT breaks down.
Here we shall limit our attention to the three lightest baryons - namely the neutron, the
proton and the Λ-particle - and discuss the appropriate BEFT. Denoting by N = (p, n) the
nucleon field and by Λ the Λ-particle field, the BEFT Lagrangian takes the form
L =N † i∂0 +

∇2 
∇2 
N + Λ† i∂0 +
Λ + L2B + L3B + . . . ,
2MN
2MΛ

(1)

with MN the nucleon mass, MΛ the Λ mass, and L2B , L3B the two and three-baryon interaction
Lagrangians. Naively, the various terms appearing in the Lagrangian are ordered by powers
of (Q/Mh ). However this naive ordering is modified to ensure that the EFT is renormalizable
in the sense that at each order in the expansion the sensitivity to unaccounted short-range
physics is small, of the order O(Q/Mh ).
Ignoring spin and flavor, the 2-body Lagrangian L2B is nothing but a low energy expansion of the 2-body interaction, equivalent to the effective range expansion [7]. In momentum
space, the resulting s-wave 2B potential can be written as


VNn LO =C0 + C2 p2 + p02


+ C4 p4 + p04 + C22 p2 p02 + · · · ,
(2)
where p is the incoming relative momentum and p0 the outgoing momentum. To avoid the
UV divergences embedded in these contact terms the interaction must be regularized.
Behind its apparent simplicity BEFT exhibits some non-trivial features, such as (a) The
Thomas collapse, compelling the promotion of a 3-body contact term to leading-order (LO)
[8], (b) The appearance of a 4-body force at next-to-leading-order (NLO) [9], and (c) The
Wigner bound which limits the possible values of the effective range and forces a perturbative
treatment of all but the LO terms [10, 11]. These features have led to the power counting
scheme depicted in Fig. 1 [7]. The accuracy of the BEFT expansion depends on the ratio
between the physical scale Q and the breakup scale Mh . For bound and resonance states we
can take Q to be the binding momentum. For non-strange nuclei the breakup scale of BEFT
is the pion mass mπ . Thus, considering the binding energy of light nuclei
! √
Q
2BN MN
=
≈ 0.3 − 0.8
Mh
mπ
when the large range reflects the strong variation in the single nucleun binding energy BN between the deutron and 4 He. For ΛN interaction the one-pion exchange diagram is forbidden,
and therefore we may assume the breaking scale to be Mh ≈ 2mπ . This leads to the expansion
parameter
! √
Q
2BΛ MΛ
=
≈ 0.05 − 0.3 .
Mh
2mπ
In view of these expansion parameters, we expect that already al leading order (LO) BEFT
would give a very reasonable predictions for the Λ particle binding in the nucleus. It should
be noted however, that in practice non-strange BEFT seems to work better than indicated by
the large value of the nuclear expansion parameter. It predicts the binding energy of 4 He with
an accuracy of ≈ 10%.

3 The low energy constants
The BEFT of single- and double-Λ hypernuclei contains, at leading order, 10 LECs, see
Fig. 2. In the non-strange sector (strangeness = 0) there are 3 LECs - 2 two-body LECs
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Figure 1. Diagrammatic representation of the multi baryon interaction in BEFT. The order n of each
term is indicated by Nn LO. The letters in each diagram stand for the corresponding LECs.

which can be fitted either to the NN scattering lengths or to the np isospin triplet I = 1
scattering length and to the deutron binding energy, and 1 three-body term which can be
fitted to the triton binding energy.
In the single-Λ sector (strangeness =-1) there are 5 LECs - 2 two-body LECs which can
be associated with the spin-singlet S = 0 and spin-triplet S = 1 ΛN scatterering lengths,
and 3 three-body LECs. The problem here is the lack of experimental data. As there is no
available low energy ΛN scattering data, the ΛN LECs can be fitted to theoreticaly extracted
ΛN scattering lengths rather than directly to experimental data, see e.g. [2]. In the three-body
sector the situation is more severe as there is only one ΛNN bound state, no scattering data,
and we have 3 LECs. The solution suggested in [2] was to fit 2 LECs to the 2 available 4ΛH
states.
In the double-Λ sector (strangeness =-2) there are 2 LECs - 1 two-body LEC which can
be associated with the spin-singlet S = 0 ΛΛ scatterering length, and one three-body ΛΛN
LEC. Here the two-body LEC can be fitted again to theoretical estimates of the ΛΛ scattering
length. We note that the avaialable theoretical value is consistent with the values extracted
from heavy ion femtoscopy experiments and from LQCD calculations [12]. The three-body
6
ΛΛN LEC can be fitted to the ΛΛ
He Nagara event [5].
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Figure 2. Diagrammatic representation of 2,3-baryon intearactions apearing at LO in single- and
double-Λ BEFT. Here Ci stand for the two-body LECs, and D j for the three-body LECs. S is the
spin, and I the isospin. Figure taken from [5].

Inspecting Fig. 1 and Fig. 2 we can conclude that, at NLO, BEFT of single and double Λ
hypernuclei contains 5 two-body LECs, each corresponding to the same quantum numbers as
the LO two-body terms, no new three-body terms, and 5 four-body LECs. The first four-body
LEC is associated with the nuclear - zero strangeness - sector, the next 2 four-body LECs are
4
associated with the S = 0, 1 4ΛH states, and the last 2 are associated with the S = 0, 1 ΛΛ
H
states. The lack of the needed experimental 3,4-body data hinders the development of BEFT
at NLO.

4 Light single- and double-Λ hypernuclear systems
Table 1 summarizes the available low energy data used to fit the Λ LECs used for BEFT calculations in [1, 2, 5, 6]. The table also presents the main predictions obtained in these works
regarding the properties of the light single- and double-Λ hypernuclei bound and resonance
states.
It is worth noting that constrained to reproduce the available low energy data, BEFT
reproduce within error bars the 5ΛHe hypernucleus [1, 2], and predicts the existence of a bound
5
ΛΛH system. In the application of BEFT to study the continuum spectrum of hypernuclear
+
trios, it was found that the excited J π = 32 hypertriton state 3ΛH J=3/2 is a virtual state. For the
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Table 1. Compilation of the experimental data reproduced or predicted by the BEFT. Here, a J is the
scattering length with J being the channel’s total angular momentum, E is the state’s energy, Bλ the Λ
particle separation energy and BΛΛ the double Λ separation energy. All energies are given in MeV,
scattering lengths are given in fm. Observables used to fit the LECs are denoted by (LEC).

System
ΛN
ΛΛ
3
ΛH
Λnn
3 J=3/2
ΛH

Λ-deuteron
4
ΛH0
4
ΛH1
5
ΛHe
5
ΛΛH
6
ΛΛHe

observable
a0 (LEC)
a1 (LEC)
a0 (LEC)
BΛ (LEC)
Re(E)
Im(E)
E (virtual)
a3/2
BΛ (LEC)
BΛ (LEC)
BΛ
BΛ
BΛΛ (LEC)

BEFT
−2.35 ± 0.55
−1.60 ± 0.1
−1.2 ± 0.7
0.13
0.0±0.2 [6]
-0.75± 0.15 [6]
−0.012 ± 0.08 [6]
−16 ± 9 [6]
2.16
1.07
3.01± 0.10 [1]
1.14+0.44
−0.26 [5]
6.91

Exp./Theo. extraction
−2.35 ± 0.55 [13–16]
−1.60 ± 0.1 [13–16]
−1.2 ± 0.7 [17–19]
0.13± 0.05 [20]
?
?
?
?
2.16± 0.08 [21]
1.07± 0.08 [22]
3.12± 0.02 [20]
?
6.91 ± 0.17 [23]

+

Λnn J π = 12 state it was found that the pole is very close to the real axis, and that its exact
position depends on the value of the ΛN scattering lengths. Therefore at this point we cannot
conclude weather it is a physical resonance state. We note that while at the moment there is
no available experimental data regarding these continuum states, both systems are currently
a subject of an ongoing experimental study.
Taking into account the Coulomb corrections the charge symmetry breaking (CSB) between the mirror nuclei 3H and 3He is about 70 keV, or about 1% of its binding energy. In
comparison the CSB between the S = 0 and S = 1 states in the Λ hypernuclei 4ΛH-4ΛHe is
about 300 keV, i.e. ∆ECS B /∆E01 ≈ 22%. The most plausible source for this large CSB is the
Λ − Σ0 admixture as suggested by Gal [24], generalizing the work of Dalitz and von-Hippel
[25]. Building upon this hypothesis, BEFT was applied to study the 4Λ H- 4Λ He CSB in [3].
Utilizing SU3 flavor symmetry BEFT was used to estimate the Λ − Σ0 admixture amplitude
AI=1 ≈ 1.5%. The obtained result was found to be in agreement with the value deduced by
Dalitz and von-Hippel from the baryon octet mass [25].

5 Summary
In this article we presented a short review of BEFT and its application to the study of light
Λ hypernuclei. At leading order BEFT seems to be working rather well, reproducing the
binding energy of 5ΛHe, and the charge symmetry breaking in the mirror hypernuclei 4ΛH-4ΛHe.
Going beyond LO seems to be a difficult step in view of the appearance of 4-body terms in
Lagrangian and the shortage of experimental data to fit the LECs.
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