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1. Introduction

Chiral effective field theory (EFT) as proposed by Weinberg [1, 2] more than two decades ago
turned out to be a rather powerful tool for the derivation of nuclear forces. In this scheme there is an
underlying power counting which allows to improve calculations systematically by going to higher
orders in a perturbative expansion. In addition, it is possible to derive two- and corresponding
three-nucleon forces as well as external current operatorsin a consistent way. Over the last decade
or so it has been demonstrated that the nucleon-nucleon (NN) interaction can be described to a high
precision within the chiral EFT approach [3, 4]. Following the original suggestion of Weinberg, in
these works the power counting is applied to theNN potential rather than to the reaction amplitude.
The latter is then obtained from solving a regularized Lippmann-Schwinger equation for the derived
interaction potential. TheNN potential contains pion-exchanges and a series of contact interactions
with an increasing number of derivatives to parameterize the shorter ranged part of theNN force.
For reviews we refer the reader to Refs. [5, 6, 7].

In this contribution I report results of ongoing investigations by the groups in Bonn-Jülich and
Munich on the baryon-baryon interaction involving strangebaryons, performed within chiral EFT
[8, 9, 10, 11, 12, 13]. In those studies the same scheme that has been applied in Ref. [4] to the
NN interaction is utilized for the strangenessS= −1 to −4 sectors. Here I consider specifically
baryon-baryon systems withS=−1, namelyΛN andΣN. In this case the extension of our leading-
order (LO) study [8] to next-to-leading order (NLO) is in progress [12] and a first glimpse on the
(still preliminary) achieved results for theΛN andΣN interactions will be given.

At LO in the power counting, as considered in the aforementioned investigations [8, 9, 10], the
baryon-baryon potentials involving strange baryons consist of four-baryon contact terms without
derivatives and of one-pseudoscalar-meson exchanges, analogous to theNN potential of [4]. The
potentials are derived using constraints from SU(3) flavor symmetry. At NLO one gets contribu-
tions from two-pseudoscalar-meson exchange diagrams and from four-baryon contact terms with
two derivatives [4].

The paper is structured as follows: In Sect. 2 a short overview of the chiral EFT approach is
provided. In Sect. 3 results for theΛN- andΣN interactions obtained to NLO are presented. The
paper ends with a brief Summary.

2. Formalism

The derivation of the chiral baryon-baryon potentials for the strangeness sector at LO using
the Weinberg power counting is outlined in Refs. [8, 10, 14].Details for the NLO case will be
presented in a forthcoming paper [13], see also [11]. The LO potential consists of four-baryon
contact terms without derivatives and of one-pseudoscalar-meson exchanges while at NLO contact
terms with two derivatives arise, together with contributions from (irreducible) two-pseudoscalar-
meson exchanges.

The spin- and momentum structure of the potentials resulting from the contact terms to LO is
given by

V(0)
BB→BB = CS;BB→BB+CT;BB→BB(σ1 ·σ2) . (2.1)
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in the notation of [4] where theCi;BB→BB’s are so-called low-energy coefficients (LECs) that need
to be determined by a fit to data. Due to the imposed SU(3)f constraints there are only five indepen-
dent LECs for theNN and theYNsectors together, as described in Ref. [8] where also the relations
between the variousCi;BB→BB’s are given. A sixth LEC is, however, present in the strangeness
S= −2 channels with isospinI = 0.

In next-to-leading order one obtains the following spin- and momentum structure:

V(2)
BB→BB = C1q2 +C2k2 +(C3q2 +C4k2)(σ 1 ·σ2)+

i
2

C5(σ1 + σ2) · (q×k)

+ C6(q ·σ1)(q ·σ2)+C7(k ·σ1)(k ·σ2)+
i
2

C8(σ1−σ2) · (q×k) . (2.2)

The transferred and average momentum,q andk, are defined in terms of the final and initial center-
of-mass (c.m.) momenta of the baryons,p′ and p, asq = p′ − p and k = (p′ + p)/2. TheCi ’s
(actually Ci;BB→BB’s) are additional LECs. Performing a partial wave projection and imposing
again SU(3)f symmetry one finds that in case of theYN interaction there are eight new LECs
entering theS-waves andS-D transitions, respectively, and ten coefficients in theP-waves. There
are further (four) LECs that contribute only to theS= −2 baryon-baryon sector.

The spin-space part of the one-pseudoscalar-meson-exchange potential is similar to the static
one-pion-exchange potential (recoil and relativistic corrections give higher order contributions)
and follows from the SU(3)f invariant pseudoscalar-meson–baryon interaction Lagrangian with
the appropriate symmetries as discussed in [8]:

VOBE
B1B2→B′

1B′
2

= − fB1B′
1P fB2B′

2P
(σ1 ·q)(σ2 ·q)

q2 +M2
P

. (2.3)

Here,MP is the mass of the exchanged pseudoscalar meson. The coupling constantsfBB′P at the
various baryon-baryon-meson vertices are fixed by the imposed SU(3) constraints and tabulated,
e.g., in [8]. They can be expressed in terms off ≡ gA/2Fπ ≡ fNNπ (gA = 1.26,Fπ = 92.4 MeV) and
α , the so-calledF/(F + D)-ratio, for which we adopted the SU(6) value (α = 0.4). Note that we
use the physical masses of the exchanged pseudoscalar mesons. Thus, the explicit SU(3) breaking
reflected in the mass splitting between the pseudoscalar mesons is taken into account. Theη meson
was identified with the octetη (η8) and its physical mass was used. The two-pseudoscalar-meson-
exchange potential can be found in Refs. [11, 13].

The reaction amplitudes are obtained from the solution of a coupled-channels Lippmann-
Schwinger (LS) equation for the interaction potentials:

Tρ ′′ρ ′,J
ν ′′ν ′ (p′′, p′;

√
s) = Vρ ′′ρ ′,J

ν ′′ν ′ (p′′, p′)+ ∑
ρ,ν

∫ ∞

0

dpp2

(2π)3 Vρ ′′ρ,J
ν ′′ν (p′′, p)

2µν

q2
ν − p2 + iη

Tρρ ′,J
νν ′ (p, p′;

√
s) .

(2.4)

The labelν indicates the particle channels and the labelρ the partial wave.µν is the per-
tinent reduced mass. The on-shell momentum in the intermediate state,qν , is defined by

√
s =

√

m2
B1,ν

+q2
ν +

√

m2
B2,ν

+q2
ν . Relativistic kinematics is used for relating the laboratory energyTlab

of the hyperons to the c.m. momentum.
We solve the LS equation in the particle basis, in order to incorporate the correct physical

thresholds. Depending on the total charge up to three baryon-baryon channels can couple. The
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Figure 1: Total cross sections forΛp→ Λp, Σ−p→ Λn, Σ−p→ Σ0n, Σ−p→ Σ−p andΣ+p → Σ+p as a
function of plab. The green (grey) band shows the chiral EFT results to LO for variations of the cut-off in
the rangeΛ = 550. . .700 MeV, while the red (black) band are results to NLO forΛ = 500. . .700 MeV. The
dashed curve is the result of the Jülich ’04 [16] meson-exchange potential.

Coulomb interaction is taken into account appropriately via the Vincent-Phatak method [15]. The
potentials in the LS equation are cut off with a regulator function, exp

[

−
(

p′4 + p4
)

/Λ4
]

, in order
to remove high-energy components of the baryon and pseudoscalar meson fields [4]. We consider
cut-off values in the range 500, ..., 700 MeV, similar to whatwas used for chiralNN potentials [4].

3. Results for the ΛN and ΣN systems

The imposed SU(3) flavor symmetry implies that at LO five independent LECs contribute to
theYN interaction [8]. These five contact terms were determined in[8] by a fit to theYNscattering
data. Already in that scenario a fairly reasonable description of the 35 low-energyYN scattering
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data could be achieved for cutoff valuesΛ = 550, ...,700 MeV and for natural values of the LECs.
At NLO there are eight new contact terms contributing to theS-waves and the3S1-3D1 transition,
and ten in theP-waves. Once again the corresponding LECs were fixed by fitting to the data. The
results obtained at NLO are presented in Fig. 1 (black (red) bands), together with those at LO (grey
(green) bands). The bands represent the variation of the cross sections based on chiral EFT within
the considered cutoff region. For comparison also results for the Jülich ’04 [16] meson-exchange
models are shown (dashed line).

Obviously, and as expected, the energy dependence exhibited by the data can be significantly
better reproduced within our NLO calculation. This concerns in particular theΛp channel where
now the theoretical results are well in line with the data even up to and beyond theΣN threshold.
There is also a noticeable improvement in case of theΣ+p interaction. Furthermore, one can see
that the dependence on the cutoff mass is strongly reduced inthe NLO case.

Note that in case of LO as well as at NLO no SU(3)f constraints from theNN sector were
imposed in the fitting procedure. The leading order SU(3)f breaking in the one-boson exchange
diagrams (coupling constants) is ignored.

Besides an excellent description of theYN data the chiral EFT interaction also yields a cor-
rectly bound hypertriton, see Table 1. Indeed this binding energy had to be included in the fitting
procedure because otherwise it would have not been possibleto fix the relative strength of the
(S-wave) singlet- and triplet contributions to theΛp interaction. Table 1 lists also results for two
meson-exchange potentials, namely for the Jülich ’04 model[16] and the Nijmegen NSC97f poten-
tial [17], which both reproduce the hypertriton binding energy correctly. Obviously, the scattering
lengths predicted at NLO are larger than those obtained at LOand now similar to the values of the
meson-exchange potentials. TheΣ+p scattering length in the3S1 partial wave is positive, as it was
already the case for our LO potential, indicating a repulsive interaction in this channel.

EFT LO EFT NLO Jülich ’04 NSC97f experiment
[8] [16] [17]

Λ [MeV] 550 · · · 700 500 · · · 700

aΛp
s −1.90 · · · −1.91 −2.88 · · · −2.89 −2.56 −2.51 −1.8+2.3

−4.2

aΛp
t −1.22 · · · −1.23 −1.59 · · · −1.61 −1.66 −1.75 −1.6+1.1

−0.8

aΣ+ p
s −2.24 · · · −2.36 −3.90 · · · −3.83 −4.71 −4.35

aΣ+ p
t 0.70 · · · 0.60 0.51 · · · 0.47 0.29 −0.25

(3
ΛH) EB −2.34 · · · −2.36 −2.31 · · · −2.34 −2.27 −2.30 -2.354(50)

Table 1: TheYN singlet (s) and triplet (t) scattering lengths (in fm) and the hypertriton binding energy,EB

(in MeV).

Calculations for the four-body hypernuclei4
ΛH and 4

ΛHe based on those interactions are re-
ported in Ref. [18].

4. Summary

Chiral effective field theory, successfully applied in Refs. [3, 4] to theNN interaction, also

5



Hyperon-nucleon Interaction J. Haidenbauer

works well for the baryon-baryon interactions in the strangenessS= −1 (ΛN−ΣN) [8, 12] and
S= −2 (ΛΛ−ΞN−ΣΣ) sectors [9]. As shown in our earlier work, already at leading order the
bulk properties of theΛN andΣN systems can be reasonably well accounted for. The new results
for theYN interaction presented here, obtained to next-to-leading order in the Weinberg counting,
look very promising. First there is a visible improvement inthe quantitative reproduction of the
available data onΛN andΣN scattering and, secondly, the dependence on the regularization scheme
is strongly reduced as compared to the LO result. Indeed the description of theYNsystem achieved
at NLO is now on the same level of quality as the one by the most advanced meson-exchangeYN
interactions.
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