
Antikaon - Nuclea r Systems :  Theory Ov ervie w

Wolfram Weise

Low-Energy        Interactions:   recent developments

Chiral SU(3) Dynamics and Coupled Channels

K̄N

K̄ -Nucleon Effective Potentials

Antikaon-Nuclear Quasibound States

Prototype Systems: K ! pp and K −Nu clei

Strangeness Day                                     …AW   Vienna                                       April 24,  2008

... thanks to:      Akinobu DotŽ       and       Tetsuo Hyodo



DEEPLY BOUND      - NUCLEAR ST ATES  ?  K̄

Str ong ly attr activ e  low energy K̄N interaction 

K̄N

! (1405) asquasibound  state embedded in πΣ continuum

Chir al SU(3) Dyna mics  with coupled channels

15

FIG. 7: The molecular structure of K ! pp. (Middle) The pro-
jected density distributions of K ! in K ! pp with a Þxed p-p
distance (= 2.0 fm). (Lower) The corresponding K ! contour
distribution.
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FIG. 7: The molecular structure of K −pp. (Middle) The pro-
jected density distributions of K − in K −pp with a Þxed p-p
distance (= 2.0 fm). (Lower) The corresponding K − contour
distribution.
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N AMB U - GOLDST ONE  BOSO NS: 

Sponta neously Br ok en  CHIRAL  SYMMETR Y
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CHIRAL  EFFECTIVE  FIELD  THEOR Y

  Interacting systems of GOLDST ONE BOSO NS  (pions, kaons) 
coupled to BAR YONS

+ + ...

Low-Energy Expansion:  CHIRAL  PER TURB ATIO N  THEOR Y

Òsmall parameterÓ:  
energy / momentum 

mass gap of order 1 GeV   

+

p
4! f!

L eff = L mesons(! ) + L B(! , " B)

Leading  DERIVATIVE  couplings  (involving         )∂
µ
Φ

determined entirely by spontaneously broken CHIRAL SYMMETR Y

!! ! !B B

 works well for low-energy pion -pion  and pion -nucleon  interactions

 ... but NO T for systems with str angeness  S = −1 (K̄N, πΣ, ...)



2 M.F.M. Lutz et al.

Thus, it is useful to review also in detail e! ect ive coupled-channel Þeld theories
based on the chiral Lagrangian.

The task to construct a systemat ic e! ect ive Þeld theory for the meson-baryon
scat tering processes in the resonance region is closely linked to the fundamental ques-
t ion asto what is theÕnatureÕof baryon resonances. Theradical conjecture10), 5), 11), 12)

that meson and baryon resonances not belonging to the large-Nc ground states are
generated by coupled-channel dynamics lead to a series of works13), 14), 15), 17), 16), 18)

demonstrat ing the crucial importance of coupled-channel dynamics for resonance
physics in QCD. This conjecture was challenged by a phenomenological model,11)

which generated successfully non-st ranges- and d-waveresonancesby coupled-channel
dynamics describing a large body of pion and photon scat tering data. Of course,
the idea to explain resonances in terms of coupled-channel dynamics is an old one
going back to the 60Õs.19), 20), 21), 22), 23), 24) For a comprehensive discussion of this
issue we refer to.12) In recent works,13), 14) which will be reviewed here, it was shown
that chiral dynamics as implemented by the ! −BS(3) approach25), 10), 5), 12) provides
a parameter-free leading-order predict ion for the existence of a wealth of st range and
non-st range s- and d-wave wave baryon resonances. A quant itat ive descript ion of
the low-energy pion-, kaon and ant ikaon scat tering data was achieved earlier within
the ! -BS(3) scheme upon incorporat ing chiral correct ion terms.5)

¤2. E! ect ive Þeld t heor y of chir al coupled-channel dynamics

Consider for instance the rich world of ant ikaon-nucleon scat tering illust rated in
Fig. 1. The Þgure clearly illust rates the complexity of the problem. The øK N state
couples to various inelast ic channel like " # and " $ , but also to baryon resonances
below and above its threshold. The goal is to bring order into this world seeking a
descript ion of it based on the symmetries of QCD. For instance, as will be detailed
below, the $ (1405) and $ (1520) resonances will be generated by coupled-channel
dynamics, whereas the # (1385) should be considered as a ÕfundamentalÕdegree of
freedom. Like the nucleon and hyperon ground states the # (1385) enters as an
explicit Þeld in the e! ect ive Lagrangian set up to describe the øK N system.

The start ing point to describe the meson-baryon scat tering process is the chiral
SU(3) Lagrangian (see e.g.26), 5)). A systemat ic approximat ion scheme arises due to a
successful scale separat ion just ifying the chiral power count ing rules.27) Thee! ect ive
Þeld theory of the meson-baryon scat tering processes is based on the assumpt ion
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CHIRAL SU(3) D YN AMICS  with
COUPLED CHANNEL S

N. Kaiser, P. B. Siegel,  W. W.,  Nucl. Phys.  A 594 (1995) 325

... plus subsequent work by many groups (A. Ramos et al.,  M. Lutz and E. Kolomeitsev,  D. Jido et al.)
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CHIRAL SU(3) D YN AMICS : deta ils

K̄N ! Σ

coupled-channel
dynamics:
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Figure 1: Shown are the O(p1) (a) and O(p2) (b) contact interact ions as well as the direct (c)
and crossed (d) Born terms. Solid and dashed lines represent baryons and pseudoscalar mesons,
respect ively.

where only the pieces relevant for our analysis are displayed. The values of the low-energy
constants bi and di ut ilized in this work have been constrained also by the recent coupled-
channel analysis for ! photoproduct ion [7]. We will come back to this point later in Sect ion 3
and leave their values undetermined for the moment.

2.2 Coupled channels

For øK N scattering chiral perturbat ion theory based on the Lagrangian from the preceding
sect ion fails due to the presence of the nearby ! (1405) subthreshold resonance. Unitarity
e" ects from Þnal state interact ions are important and must be included in a non-perturbat ive
fashion. To this end, one computes from the Lagrangian the relat ivist ic t ree level amplitude
Vjb,ia(s, # ; " , " ′) of the meson-baryon scat tering processes #iB !

a ! #jB ! ′
b (with spin indices " ,

" ′). This amplitude is the driving term in the coupled-channels integral equat ion determining
the meson-baryon T-matrix.

The e" ect ive meson-baryon Lagrangian, Eqs. (4, 7), has been used at di" erent levels of
sophist icat ion in the literature. While only the Weinberg-Tomozawa term from the covariant
derivat ive in Eq. (4) is taken, e.g., in [2], the direct and crossed Born terms are included
in [5]. In [3] the Lagrangian of second chiral order is added which yields addit ional contact
interact ions, whereas in [7] the contact interact ions and the direct Born term have been taken
into account, but the crossed Born term has been excluded. In order to provide an est imate
of the model-dependence of such approaches, we will discuss four di" erent choices for the
amplitude Vjb,ia(s, # ; " , " ′).

First , only the leading order contact (Weinberg-Tomozawa) term is taken into account, see
Figure 1a. Subsequent ly, the contact interact ions from the Lagrangian of second chiral order,
L (2)

" B, are included, see Fig. 1b. In the third and fourth approach we add successively the direct
(Fig. 1c) and crossed (Fig. 1d) Born diagrams. For brevity, we will refer to these variants as
ÒWTÓ(Weinberg-Tomozawa), ÒcÓ(addit ional contact terms), ÒsÓ(including s-channel Born
diagram) and ÒuÓ(including u-channel Born diagram), respect ively.

It turnsout that already the inclusion of thenext-to-leading order contact terms, which have
been neglected in many previous coupled-channel analyses [2, 5, 6, 8], improves the agreement
of our results with the well-measured K −p threshold branching rat ios and the shape of the $$
mass spectrum, whereas the Born diagrams Fig. 1c,d yield only small numerical changes. The
explicit expressions for the diagrams, Figs. 1a,c,d, can be found in [5], but for completeness we
display the formulae of all those contribut ions in the appendix.

Since we are primarily concerned with a narrow center-of-mass energy region around the
øK N threshold, it is su%cient to restrict ourselves to the s-wave (matrix) amplitude V(s) given

4
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Fig. 1. Real and imaginary parts of the K−p forward scattering amplitude calculated in the chiral SU(3) cou-
pled-channels approach [23], as functions of the invariant K̄N center-of-mass energy

√
s. Real and imaginary parts of the

scattering length deduced from the DEAR kaonic hydrogen measurements [27] are also shown. The dotted line indicates
the leading order (Tomozawa–Weinberg) K−p → K−p amplitude for comparison.

The off-shell s-wave K−p amplitude resulting from the coupled-channel calculation [23] can
be given a convenient approximate parametrisation as follows:

F s-wave
K−p = MN

4! f 2
K

√
s

(
" + apm2

K + bp" 2)
(

1 +
√

s#0

M2
0 − s − i

√
s$0(s)

)
, (3)

with the kaon decay constant fK $ 0.11 GeV, ab $ −bp $ 1 GeV−1, #0 $ 0.25 GeV and the
%(1405) mass and energy-dependent width (M0,$0(s)), notably with M0 shifted upward by
about 10 MeV from its nominal value. This form is useful for practical purposes and reflects
the behavior of the leading and next-to-leading order terms as well as the non-perturbative part
involving the dynamically produced resonance.

2.3. Anequivalentpseudopotential

In applications to nuclear few-body systems it is convenient to translate the leading K̄N

s-wave interaction into an equivalent potential in the laboratory frame (where the nucleon is ap-
proximately at rest). The leading order piece (the Tomozawa–Weinberg term) can be viewed as
resulting from vector meson exchange [28]. Starting from the non-linear sigma model in SU(3),
introduce gauge couplings of the vector meson octet to the pseudoscalar octet and fix a universal
vector coupling constant g $ 6 such the &→ ! +! − width is reproduced. Then construct vector
meson couplings to the SU(3) octet baryons through their conserved vector currents. The corre-
sponding piece of the reduced K̄N interaction Lagrangian which generates the t-channel vector
meson exchange K̄N amplitude at tree level, with vector meson mass mV , is

' L (K̄N) = ig2

4

(
K−(µK+ − K+(µK−)[

( 2 + m2
V

]−1 ¯) N#µ(*3 + 3)) N, (4)

where K± are the charged kaon fields and ) N = (p,n)T is the isodoublet nucleon field. The
isovector (*3) piece comes from & exchange and the isoscalar part (with its typical factor of 3)
comes from " exchange, while + exchange does not contribute as long as there are no strange

  AMPLITUDE

Re a(K p)-

Im a(K p)-

a(K p) = -0.78  (   0.18) + i 0.49  (   0.37) fm- ± ±

a(K p) = -0.47  (   0.10) + i 0.30  (   0.17) fm- ± ±

(M. Iwasaki et al.,  Phys. Rev. Lett. 78 (1997) 3067)

(G. Beer et al.,  Phys. Rev. Lett. 94 (2005) 212302)

DEAR / Frascati:

K p scatter ing length 
from 

kaonic hydr ogen:

-

CHIRAL SU(3) EFFECTIVE FIELD THEOR Y 
with 

COUPLED CHANNEL S:
leading (W einberg-T omozawa) plus NL O terms

! !
Σ

+

K ! p

B. Borasoy, R. Nissler,  W. W. 
 Phys. Rev. Lett. 94 (2005) 213401;   Eur. Phys. J.  A25 (2005) 79

mass spect r um

K ! p
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Figure 6: Total cross sections of K ! p scattering into various channels. The data are taken
from [23] (empty squares), [24] (empty triangles), [25] (filled circles), [26] (filled squares), [27]
(filled triangles), [28] (stars). The solid, dotted and dashed lines represent the fits “1”, “2” and
“3”, respectively.
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B. Borasoy, R. Nissler,  W. W. :  Eur. Phys. J.  A25 (2005) 79
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Figure 5: Results for the strong interaction shift and width of kaonic hydrogen from the fits
“1”, “2” and “3” depicted by circles, triangles and squares. Empty symbols correspond to the
Deser-Trueman formula, Eq. (19), full symbols to Eq. (17), where isospin breaking corrections
are included. The preliminary DEAR data are represented by the shaded box [10], the KEK
data by the light gray box [11].

“1” “2” “3”
aK ! p (fm) ! 0.78 + 0.92i ! 0.51 + 0.82i ! 0.57 + 0.56i
" ED (eV) 321 211 236
! D (eV) 755 678 465
" Ec (eV) 335 236 235
! c (eV) 589 580 390

Table 4: Shown are the K ! p scattering lengths aK ! p as well as the strong interaction shift " E
and width ! in kaonic hydrogen resulting from Eq. (19) (subscript D) and Eq. (17) (subscript
c).

above the K ! p threshold have been normalized accordingly. In the case of fit “3”, the one
consistent with the DEAR data, the shape of the curve is altered for both final states ! ! # +

and ! +# ! . Compared to fit “1” the peak position is shifted to lower energies, while the width
is considerably increased. This di$erence can be examined experimentally once the necessary
t-channel analysis and normalization of the SPring-8 results [15] has been performed. These
data cover an energy range from the ! # threshold up to energies above the K ! p threshold,
where consistency with existing cross section data can be tested. In conclusion, the SPring-
8/ELSA experiments may provide a further important consistency check of scattering data and
the DEAR results within our framework.

It is instructive to investigate the real and imaginary parts of the elastic K ! p " K ! p
scattering amplitude below threshold (see Figs. 9, 10). The important role of next-to-leading
order dynamics (the “c”, “s” and “u” versions) as compared to the leading order driven only
by the Weinberg-Tomozawa term (the “WT” version) becomes visible in Fig. 9. The influence
of the additional constraint imposed by the DEAR threshold data is seen in Fig. 10. It has a
pronounced e$ect in shifting the %(1405) resonance spectrum further down in

#
s, primarily

by enforcing a smaller imaginary part of fK ! p" K ! p at threshold.

14

KEK

DEAR

WT

full

including 
constraints from
DEAR  data 

K p  SCATTERING LENGTH
-

aK −p = (! 0.57 + i 0.56) fm

! (K ! p → π
+ " ! )

! (K ! p → π
! " + )

! (K ! p → ! +" ! , ! ! " +)
! (K ! p → al l inelast ic channels)

Γ(K! p ! π
0Λ)

Γ(K! p ! neutral states)

Threshold branching ratios WT full exp. 

2.36 ± 0.04

0.66 ± 0.01

0.19 ± 0.02

2.35

0.21

2.38

0.63

0.18

RESULTS (contd.)

B. Borasoy, R. Nissler,  W. W. :  Eur. Phys. J.  A25 (2005) 79
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Figure 7: ! ! ! + event distribution from [31], where statistical errors have been supplemented
following [34]. The curves in diagram (a) where obtained by assuming a ! ! invariant mass
spectrum with I = 0; the curves in diagram (b) result from the ansatz advocated in [5]. The
solid, dotted and dashed lines correspond to the fits “1”, “2” and “3”, respectively.
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s and continued below K ! p threshold (vertical line). The experimental data points
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lines correspond to the fits “1”, “2” and “3”, respectively.
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Figure 7: π! ! + event distribution from [31], where statistical errors have been supplemented
following [34]. The curves in diagram (a) where obtained by assuming a π! invariant mass
spectrum with I = 0; the curves in diagram (b) result from the ansatz advocated in [5]. The
solid, dotted and dashed lines correspond to the fits “1”, “2” and “3”, respectively.
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Figure 8: Shown are the cross sections for K ! p " π! ! + (a) and K ! p " π+! ! (b) multiplied
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s and continued below K ! p threshold (vertical line). The experimental data points
are the same as in Fig. 6, but have been modified accordingly. The solid, dotted and dashed
lines correspond to the fits “1”, “2” and “3”, respectively.
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K −p ! ! −! + K ! p ! ! + ! !

with
without

Kaonic Hydrogen (DEAR) constraints

πΣSensitivity of mass spectrum to K ! p threshold conditions

B. Borasoy, R. Nissler,  W. W. :  Eur. Phys. J.  A25 (2005) 79

CONSTRAINTS for 
SUBTHRESHOLD  EXTRAPOL ATIO NS

... looking forward to SIDDHARTA
need accurate πΣ mass distributions

... in order to have reasonable predictive power for subthreshold extrapolations 



RESULTS (contd.)

Detailed analysis of uncertainties:  scatter ing data  and kaonic hydr ogen  
B. Borasoy, U.-G. Meissner, R. Nissler,  Phys. Rev.  C74 (2006) 055201
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Figure 5: Total cross sect ions for K ! p scat tering into various channels calculated in the ÒWTÓ
approach. The best Þt is represented by the solid line while the shaded area indicates the 1σ
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Constr ucting

 the
KN Ef fectiv e Inter action 
_



 Antikaon-Nucleon  Effectiv e Potential
fr om Chir al SU(3) Dyna mics   

Aim:        construct realistic K p and K n pseudo-potentials
       for use in K-nuclear few-body computations

- -

DeÞnition:   for 2 channels

Figure 1: Diagrammatic representation of Eqs. (3), (4) and (6). Black blob standsfor T e! . = T11,
shadedblobs stand for V e! ., and white blobs denoteT single

22

1.2 Two-channel problem

Let us start with the simplest caseof two-channel scattering. We want to include the dynamics
of channel2 into an e! ective interaction of channel1 (V e! .). We would like to obtain the solution
T11 of Eq. (1) by solving a singlechannel problem with the kernel interaction V e! .. Namely,

T e! . = V e! . + V e! .G1T
e! . (3)

=[( V e! .)! 1 ! G1]! 1

= T11

To be consistent with Eq. (1), V e! . should be constructed by the sum of the bare interaction in
this channel V11 and the contribution from channel 2 ÷V11 as

V e! . = V11 + ÷V11 (4)
÷V11 = V12G2V21 + V12G2T

single
22 G2V21 (5)

whereT single
22 is the single-channel resummationof channel 2:

T single
22 = V22 + V22G2T

single
22 (6)

=[ V ! 1
22 ! G2]! 1

Eqs. (3), (4) and (6) are diagrammatically illustrated in Fig. 1. Note that ÷V11 consistsof the
contribution from one loop to the channel 2 and that from the coupledchannel resummation in
channel 2:

V12G2V21 : one loop, V12G2T
single
22 G2V21 : resummation (7)

1.3 N-channel problem

It is straightforward to extendthe aboveframework to the casewith N channels.Wecangeneralize
the formula (5) and (6) to include the e! ect of N ! 1 channels(2, 3, . . . , N ) into channel 1:

(5) " ÷V11 =
N∑

m=2

V1mGmVm1 +
N∑

m,l =2

V1mGmT (N ! 1)
ml GlVl1 (8)
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Figure 1: Diagrammatic representation of Eqs. (3), (4) and (6). Black blob standsfor T eff. = T11,
shadedblobs stand for V eff., and white blobs denoteT single
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of channel2 into an e! ective interaction of channel1 (V eff.). We would like to obtain the solution
T11 of Eq. (1) by solving a singlechannel problem with the kernel interaction V eff.. Namely,
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To be consistent with Eq. (1), V eff. should be constructed by the sum of the bare interaction in
this channel V11 and the contribution from channel 2 ÷V11 as

V eff. = V11 + ÷V11 (4)
÷V11 = V12G2V21 + V12G2T

single
22 G2V21 (5)

whereT single
22 is the single-channel resummationof channel 2:

T single
22 = V22 + V22G2T

single
22 (6)

=[ V ! 1
22 ! G2]! 1

Eqs. (3), (4) and (6) are diagrammatically illustrated in Fig. 1. Note that ÷V11 consistsof the
contribution from one loop to the channel 2 and that from the coupledchannel resummation in
channel 2:

V12G2V21 : one loop, V12G2T
single
22 G2V21 : resummation (7)

1.3 N -channel problem

It is straightforward to extendthe aboveframework to the casewith N channels.Wecangeneralize
the formula (5) and (6) to include the e! ect of N ! 1 channels(2, 3, . . . , N ) into channel 1:

(5) " ÷V11 =
N!

m=2

V1mGmVm1 +
N!

m,l =2

V1mGmT (N ! 1)
ml GlVl1 (8)

2

V e!
11

K11 K12 G2 K21

V eff
11 G1 V eff

11

V eff
11 = K 11 + K 12 G2 (K 22 + K 22 G2 K 22 + ...) G2 K 21

T. Hyodo,  W. W. :  Phys. Rev.  C 77 (2008) 03524
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1.2 Tw o-channel problem

Let us start with the simplest caseof two-channel scattering. We want to include the dynamics
of channel2 into an e! ective interaction of channel1 (V eff.). We would like to obtain the solution
T11 of Eq. (1) by solving a singlechannel problem with the kernel interaction V eff.. Namely,

T eff. = V eff. + V eff.G1T eff. (3)

=[( V eff.)! 1 ! G1]! 1

= T11

To be consistent with Eq. (1), V eff. should be constructed by the sum of the bare interaction in
this channel V11 and the contribution from channel 2 ÷V11 as

V eff. = V11 + ÷V11 (4)
÷V11 = V12G2V21 + V12G2T

single
22 G2V21 (5)

whereT single
22 is the single-channel resummationof channel 2:

T single
22 = V22 + V22G2T

single
22 (6)

=[ V ! 1
22 ! G2]! 1

Eqs. (3), (4) and (6) are diagrammatically illustrated in Fig. 1. Note that ÷V11 consistsof the
contribution from one loop to the channel 2 and that from the coupledchannel resummation in
channel 2:

V12G2V21 : one loop, V12G2T
single
22 G2V21 : resummation (7)

1.3 N -channel problem

It is straightforward to extendthe aboveframework to the casewith N channels.Wecangeneralize
the formula (5) and (6) to include the e! ect of N ! 1 channels(2, 3, . . . , N ) into channel 1:

(5) " ÷V11 =
N!

m=2

V1mGmVm1 +
N!

m,l =2

V1mGmT (N ! 1)
ml GlVl1 (8)

2

V e! ( øKN ! øKN )

note dif fer ence in pole positions and spectra of 

øKN

and ! !

1405

1420

equivalent local   øKN potential  must produce quasibound state at 
1420 (not 1405) MeV 

T. Hyodo,  W. W. :  Phys. Rev.  C 77 (2008) 03524

øKN

! !
! !
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Equivalent Local P otential

Effective         interactionøKN equiv.  local pseudopotential

U (r , E) = f (E) g(r ) with ansatz g(r ) =
e! r 2 /b 2

! 3/2 b3
(b ! 0.5 fm )

so that Schršdinger eqn. with U(r,E) reproduces full coupled-channels amplitude

non -local ef fectiv e inter action  implies 
additional ener gy de pendence  in equiv. local potential
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Chir al Dyna mics 
vs. 

Aka ishi -Yamaza ki  phenomenol ogy
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Substantial differences in subthr eshold  extrapolations

Chir al dyna mics  predicts signiÞcantly weaker attr action
than  AY  in far-subthreshold region

from AY phenomenological potential

from chiral SU(3) dynamics



3.
The Pr ototype 

Kaon -Nuclea r System :
K pp-



  K pp   System :  improved variational calculation- 

...  now including:  
NN corr elation f unction  and Òpr ojection befor e va r iation Ó

wave function:

|! ! = " (!r 1 ,!r 1 ,!r K ) |SN N = 0! | [(NN )t = 1 øK ]T 3= 1/ 2
T = 1/ 2 !

! (!r 1,!r 1,!rK) =
!

F(!r 1,!r 2) G(!r 1)G(!r 2) G(!rK)

NN correlation function:

Gaussian wave packets

F(!r 1,!r 2) =

1 !
∑

fn exp[! ! n("r1 ! "r2)2]

[MeV]
VNN

A v18

r [fm]

! (!r 1 ,!r 2 ,!r K )

! (!r 1 ,!r 2 ,!r K )

H = TN 1 + TN 2 + V N N + TK + V øKN 1
+ V øK N 2

! Tc.m .

∑
H(!rK ,!ri )

A. DotŽ, T. Hyodo,  W. W.   NPA804 (2008) 197
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  Results :  Var iational Calculations

Input:    realistic NN inter action    (Argonne v18)

  ef fectiv e inter action from Chir al SU (3) Dyna mics

K ! pp

øK N

  binding ener gy and width using a variety of chiral models

Result:   weak binding

B (K −pp) = 19 ± 3 M eV
! = 40 − 70 M eV

A. DotŽ, T. Hyodo,  W. W. :  Nucl. Phys. A 804 (2008) 197

... additional increase of width

by øK N N → Y N absorption
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Quasibound State



 K pp   System :  
Coupled-Channels Faddeev Approach

- 

Separ able  approximation for (s-wave) two-body potentials 

N.V. Shevchenko, J. Mares,  A. Gal;  PRL  98 (2007) 082301

K! p ! K! p K ! p ! ! ! N N , ! N

N

N N

Y

øK !
N

øK

Constrained by measured cross sections and scattering lengths

Result:

binding ener gy

decay width

B ! 55 " 70 M eV

Γ ! 95 " 110 MeV

FIG. 3: Calculated elast ic π! cross sect ion for I = 0, arbit rary units.

2. One-channel complex and real øKN

In order to investigate all possible dependencies of our three-body results on two-body

inputs we constructed additionally real and complex one-channel K̄ N potentials. The imag-

inary part of the complex potential accounts for absorption to all other channels. Both

potentials have the same form-factors as the coupled-channel potential (17), but for only

one channel index α = β = K̄ Ncomplex . To fit the strength parameters λ of the complex

variant, we used experimental data (1.) and (2.), i.e. the energy of ! (1405) and aK ! p. For

the complex K̄ N potential we used ‘best set’ plus one more set of data, which is the same

as was used in Refs. [2, 3]: E AY
! = 1405 ! i 20 MeV, aAY

K ! p = ! 0.70 + i 0.53 fm, and a range

parameter β = 1.5 fm! 1. We denote it as ‘AY set’.

A one-channel real K̄ N potential was constructed by fitting its parameters to reproduce

the real parts of E PDG
! and aK EK

K ! p, with β = 3.5 fm! 1. Here we assumed, that ! (1405) is a

real bound state of the I = 0 K̄ N subsystem.

B. ! N interaction

Only few experimental data exist for this interaction. There are di" erent models of it,

for example several Nijmegen models, but due to the lack of data it is not possible to give

preference to any of these over the other ones. A separable potential (16) with Yamaguchi

12

√

s [M eV ]

σel (πΣ)

N.V. Shevchenko, et al.  PRC76 (2007) 044004

Y. Ikeda, T. Sato,   PRC76 (2007) 035203

effect of separable approximation on subthreshold behaviour ?



4.
Antikaon Bound States

in
Heavier Finite Nuclei 



!
! 2 + "! 2 " m2

K " ! (! ; "r )
"

#K("r ) = 0

Solve  Klein -Gor don equation :

with kaon self -ener gy:

! (! ; "r ) = ! T s! wave

K! p (! ) #p("r ) ! T s! wave

K! n
(! ) #n("r )

+ ÷C
p! wave
K −p (! ) "! #p ("r )"! + ÷Cp! wave

K −n (! ) "! #n ("r )"!

Antikaon Bound States in Finite Nuclei ?  

Woods-Saxon distributions for  ! p ("r ) ! n("r)and

Search for  bound state  solutions  ω = Re ω −

i

2
Γ

+ δ! ab s(ω; ρp , ρn ) + δ! cou l (ω; ρp )+ ! ! corr(" p, " n)

ÓT ! Ó

corr elations            a bsor ption            Coul omb

R. HŠrtle, W. W. :  Nucl. Phys. A 804 (2008) 173

}



Finite Nuclei:  example

 including shor t-r ange  
and Pauli  correlations  

&
øK N → ! Y decay cha nnels

 absorption:  øK N N ! Y N

further incr ease of width 
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Heavy Nuclei:  example208Pb

 including shor t-r ange  
and Pauli  correlations  

&
øK N → ! Y decay cha nnels

 absorption:  øK N N ! Y N

further incr ease of width 

R. HŠrtle, W. W. :  Nucl. Phys. A 804 (2008) 173
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Antikaon - Nuclea r  Quasibound  States  

binding
energy

decay
width
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Related Work

K - nuclear bound states in a dynamical model
 J. Mares,  E. Friedman,  A. Gal,  Nucl Phys.  A 770 (2006) 84 

... qualitatively similar conclusions reached



 ... calculated quasibound K pp state  weakly  bound, 
la rge width,  strong sensitivity to         subthr eshold  details

  Concluding R ema r ks  

Chir al SU (3) Dyna mics :  proper framework to investigate
Antikaon -Nucleon  and Antikaon -Nuclea r Inter actions

High -pr ecision data  
(kaonic hydrogen, deuterium and helium, low-energy        scattering,          
       mass spectra, ...)  crucial for setting constraints on theory

K̄N

Subthreshold         ef fectiv e inter action derived from 
Chiral SU(3) Dynamics:  attr activ e ...  but  ...       

K̄N

-

K̄N

! !

Important: 
better understanding of antikaon -nuclea r  absor ption  needed


