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1. Introduction

Chiral effective field theory (EFT) as proposed by Weinbdrg?] more than two decades ago
turned out to be a rather powerful tool for the derivationwélear forces. In this scheme there is an
underlying power counting which allows to improve calcidas systematically by going to higher
orders in a perturbative expansion. In addition, it is gassto derive two- and corresponding
three-nucleon forces as well as external current operat@gonsistent way. Over the last decade
or so it has been demonstrated that the nucleon-nuchebiyifiteraction can be described to a high
precision within the chiral EFT approach [3, 4]. Followirgetoriginal suggestion of Weinberg, in
these works the power counting is applied toMe potential rather than to the reaction amplitude.
The latter is then obtained from solving a regularized Lippm-Schwinger equation for the derived
interaction potential. ThBIN potential contains pion-exchanges and a series of comtigecactions
with an increasing number of derivatives to parameterieestiorter ranged part of théN force.
For reviews we refer the reader to Refs. [5, 6, 7].

In this contribution | report results of ongoing investigas by the groups in Bonn-Jilich and
Munich on the baryon-baryon interaction involving stramgeyons, performed within chiral EFT
[8, 9, 10, 11, 12, 13]. In those studies the same scheme tkabtden applied in Ref. [4] to the
NN interaction is utilized for the strangeneSs= —1 to —4 sectors. Here | consider specifically
baryon-baryon systems wit= —1, namelyAN andZN. In this case the extension of our leading-
order (LO) study [8] to next-to-leading order (NLO) is in gress [12] and a first glimpse on the
(still preliminary) achieved results for thleN andZN interactions will be given.

At LO in the power counting, as considered in the aforemeetibinvestigations [8, 9, 10], the
baryon-baryon potentials involving strange baryons airdi four-baryon contact terms without
derivatives and of one-pseudoscalar-meson exchangdsegana to theNN potential of [4]. The
potentials are derived using constraints from(S)Uflavor symmetry. At NLO one gets contribu-
tions from two-pseudoscalar-meson exchange diagramsrandfbur-baryon contact terms with
two derivatives [4].

The paper is structured as follows: In Sect. 2 a short overeiethe chiral EFT approach is
provided. In Sect. 3 results for theN- andZN interactions obtained to NLO are presented. The
paper ends with a brief Summary.

2. Formalism

The derivation of the chiral baryon-baryon potentials fog strangeness sector at LO using
the Weinberg power counting is outlined in Refs. [8, 10, 1Bgtails for the NLO case will be
presented in a forthcoming paper [13], see also [11]. The b@ryial consists of four-baryon
contact terms without derivatives and of one-pseudoscaésmon exchanges while at NLO contact
terms with two derivatives arise, together with contribog from (irreducible) two-pseudoscalar-
meson exchanges.

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

Vea .ss = Csee-es+Cr.es-e8(01- 02) . (2.2)
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in the notation of [4] where th€;.gs_.gg'S are so-called low-energy coefficients (LECs) that need
to be determined by a fit to data. Due to the imposed3j{tonstraints there are only five indepen-
dent LECs for theN N and theY N sectors together, as described in Ref. [8] where also théars
between the variou€;.gg_.gg’sS are given. A sixth LEC is, however, present in the straegsn
S= —2 channels with isospih= 0.

In next-to-leading order one obtains the following spind amomentum structure:

i
Via_ps = C10°+Cak” + (Cat” + Cak?)(01- 02) + 5 Cs(01+ 02) - (@ x k)

+ Cs(q-01)(q-02)+Cr(k-01)(k-02) + 1208(01 —02)-(qxKk). (2.2)

The transferred and average momentgrandk, are defined in terms of the final and initial center-
of-mass (c.m.) momenta of the baryop$,andp, asq =p’ —p andk = (p’+p)/2. TheC’s
(actually Ci.ggpg's) are additional LECs. Performing a partial wave proj@ctand imposing
again SU3); symmetry one finds that in case of tieN interaction there are eight new LECs
entering theS'waves ands-D transitions, respectively, and ten coefficients in Fa@aves. There
are further (four) LECs that contribute only to tBe= —2 baryon-baryon sector.

The spin-space part of the one-pseudoscalar-meson-eyehpmtential is similar to the static
one-pion-exchange potential (recoil and relativisticreotions give higher order contributions)
and follows from the S(B); invariant pseudoscalar-meson-baryon interaction Lagganwith
the appropriate symmetries as discussed in [8]:

OBE (01-9)(02-9)

BiBs BB, — —fBlB’leszs/ZPW . (2.3)
Here, Mp is the mass of the exchanged pseudoscalar meson. The @puplistantsfggp at the
various baryon-baryon-meson vertices are fixed by the ieg&i[3) constraints and tabulated,
e.g., in [8]. They can be expressed in termd ef ga/2F; = fnnr (0a = 1.26,F; = 92.4 MeV) and
a, the so-called~ /(F + D)-ratio, for which we adopted the $8) value @@ = 0.4). Note that we
use the physical masses of the exchanged pseudoscalaran&bos, the explicit S(B) breaking
reflected in the mass splitting between the pseudoscalamaéstaken into account. Tiemeson
was identified with the octet (ng) and its physical mass was used. The two-pseudoscalarmmeso
exchange potential can be found in Refs. [11, 13].

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

dpp

T8 (0 Ve = VEE +Z/ vﬁ,pj(p”,p)ﬁ T (b, V) -

(2.4)

The labelv indicates the particle channels and the labehe partial wave.pu, is the per-
tinent reduced mass. The on-shell momentum in the inteateditateq,, is defined by,/s =
\/ mély +05+ \/ m%zv + 2. Relativistic kinematics is used for relating the laborgtenergyTiap
of the hyperons to the ¢.m. momentum.

We solve the LS equation in the particle basis, in order torporate the correct physical
thresholds. Depending on the total charge up to three basgoyon channels can couple. The
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Figure 1: Total cross sections fokp — Ap, 2 p—An, X p—3°n, I p— I pandZtp—3fpasa
function of pjap. The green (grey) band shows the chiral EFT results to LO d&oiations of the cut-off in
the range\ = 550...700 MeV, while the red (black) band are results to NLOfo& 500...700 MeV. The
dashed curve is the result of the Julich '04 [16] meson-emghagotential.

Coulomb interaction is taken into account appropriatelythie Vincent-Phatak method [15]. The
potentials in the LS equation are cut off with a regulatorction, exp[— (p*+ p*) /A%], in order
to remove high-energy components of the baryon and psealdosueson fields [4]. We consider
cut-off values in the range 500, ..., 700 MeV, similar to wivas used for chirdNN potentials [4].

3. Resultsfor the AN and =N systems

The imposed S(B) flavor symmetry implies that at LO five independent LECs dbuate to
theY Ninteraction [8]. These five contact terms were determind@]iby a fit to theY N scattering
data. Already in that scenario a fairly reasonable desoripaf the 35 low-energy N scattering
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data could be achieved for cutoff valuds= 550, ...,700 MeV and for natural values of the LECs.
At NLO there are eight new contact terms contributing to$heaves and théS;-3D; transition,
and ten in thé>-waves. Once again the corresponding LECs were fixed bydfitrihe data. The
results obtained at NLO are presented in Fig. 1 (black (radylb), together with those at LO (grey
(green) bands). The bands represent the variation of tlss sextions based on chiral EFT within
the considered cutoff region. For comparison also resaitshie Jilich '04 [16] meson-exchange
models are shown (dashed line).

Obviously, and as expected, the energy dependence exhiitthe data can be significantly
better reproduced within our NLO calculation. This conseimparticular the\p channel where
now the theoretical results are well in line with the datanewp to and beyond theN threshold.
There is also a noticeable improvement in case ofsthp interaction. Furthermore, one can see
that the dependence on the cutoff mass is strongly redudie iINLO case.

Note that in case of LO as well as at NLO no &)Y constraints from th&lN sector were
imposed in the fitting procedure. The leading order®Ybreaking in the one-boson exchange
diagrams (coupling constants) is ignored.

Besides an excellent description of thél data the chiral EFT interaction also yields a cor-
rectly bound hypertriton, see Table 1. Indeed this bindingrgy had to be included in the fitting
procedure because otherwise it would have not been pogsilile the relative strength of the
(S-wave) singlet- and triplet contributions to th@ interaction. Table 1 lists also results for two
meson-exchange potentials, namely for the Julich '04 midégland the Nijmegen NSC97f poten-
tial [17], which both reproduce the hypertriton binding egyecorrectly. Obviously, the scattering
lengths predicted at NLO are larger than those obtained ardnow similar to the values of the
meson-exchange potentials. Thep scattering length in th&S; partial wave is positive, as it was
already the case for our LO potential, indicating a repeléiteraction in this channel.

EFT LO EFT NLO Jilich’'04  NSC97f| experiment
[8] [16] [17]
A[MeV] | 550--- 700 500--- 700
al? | -190...-191| -288...-289| -256 -251 -1.8"23
aP | -122...-123| -159...-161| —1.66 -175 | -16%1
a5 P | -—224...-236|-390----383| -471 ~4.35
a P 0.70--- 0.60 0.51--- 0.47 0.29 ~0.25
| GH)Eg | —2.34--- —2.36| —231.-- —234| -227  -230 | -2.354(50) |

Table 1: TheY Nsinglet (s) and triplet (t) scattering lengths (in fm) and ttypertriton binding energ¥g
(in MeV).

Calculations for the four-body hypernucteH and 4He based on those interactions are re-
ported in Ref. [18].

4. Summary

Chiral effective field theory, successfully applied in R4 4] to theNN interaction, also
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works well for the baryon-baryon interactions in the stiemgssS= —1 (AN — =N) [8, 12] and

S= -2 (AW\— =N — Z2) sectors [9]. As shown in our earlier work, already at legdimder the
bulk properties of thé\N andZN systems can be reasonably well accounted for. The newsesult
for theY Ninteraction presented here, obtained to next-to-leadidgran the Weinberg counting,
look very promising. First there is a visible improvementlie quantitative reproduction of the
available data oAN andZN scattering and, secondly, the dependence on the regtianzgheme

is strongly reduced as compared to the LO result. Indeedaberightion of theY N system achieved

at NLO is now on the same level of quality as the one by the nubgireced meson-exchanyeN
interactions.
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