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強い相互作用はQCD（クォーク、グルーオン）で記述される

導入
低エネルギーのQCDの難しさ／面白さ

QCDは漸近自由性をもち、低エネルギーでは非摂動的

幅広いスケールの物理、異なる対称性

LQCD = �1

4
Ga

µ⇤G
µ⇤
a + q̄�(i�

µD�⇥
µ �m⇥�⇥)q⇥

１. カイラル対称性の自発的破れ：真空の変化
２. カラー閉じ込め：観測される自由度はハドロン

u(3) d(5)
s(100) c(1250)

b(4200) t(174000)

log(mq)

カイラル対称性 
mqで展開

重クォーク対称性
1/mqで展開

色自由度
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・強い相互作用による量子多体系の諸相

導入
ハドロン物理の目標

・少数系での多様性：共鳴状態

既知である基礎理論をもとに、多様な物理を明らかにする
（c.f. 原子核物理／核力、物性物理／QED）

例：カラー超伝導 <--> 超伝導

約310種の観測されたハドロンのうち、強い相互作用に対して
安定なのものは20ほど。残りは全てハドロン散乱内の共鳴状態
としてあらわれる。

例：ポテンシャル共鳴、フェッシュバッハ共鳴、、、
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メソン~175種類バリオン~135種類

ハドロンの多様な性質
ハドロン：強い相互作用による自己束縛系

様々な質量、崩壊幅、崩壊モード

導入

粒子の内部構造

全てが単一のQCDラグランジアンから出てくる

ハドロン間の相互作用

http://pdg.lbl.gov/

http://pdg.lbl.gov
http://pdg.lbl.gov


--> peculiar role in hadron physics
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B- strongly attractive

- coupled with πΣ channel

Two aspects of K ~ us̄, ds̄ (K̅ ~ ūs, d̅s) meson
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K̅ meson and K̅N interaction
Introduction

- NG boson of chiral SU(3)R ⊗ SU(3)L --> SU(3)V

- relatively massive: mK ~ 495 MeV (mπ, MN ~ 140, 940 MeV)

K̅N interaction is ...

πΣ--> quasi-bound state Λ(1405)

Λ(1405)
K̅N

en
er

gy
- fundamental building block 
  for K̅-nuclei, K̅ in medium,...
T. Hyodo, D. Jido, Prog. Part. Nucl. Phys. 67, 55 (2012)
兵藤哲雄、慈道大介：日本物理学会誌 第67巻第4号226 (2012)

      meson-baryon v.s. qqq state, 
      double pole, ...



K̅N interaction
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K̅ nuclei v.s. normal nuclei
Introduction

--> K̅N interaction: fundamental interaction in K̅ nuclei

I=0 I=1
NN deuteron (2 MeV) attractive
K̅N Λ(1405) (15-30 MeV) attractive

T. Yamazaki, Y. Akaishi / Physics Letters B 535 (2002) 70–76 71

Fig. 1. Calculated !KN and !K-nucleus potentials and bound levels: !(1405), 2!KH and
3
!KH for K

−p, K−pp and K−ppn systems, respectively. The
nuclear contraction effect is taken into account. The shaded zones indicate the widths. The "π and !π emission thresholds are also shown.

problem is how to produce !∗ in a nucleus and
how to identify produced !K bound states. Here, we
point out that the “strangeness exchange reactions”
(K−,π−) (or similarly, (π+,K+)) would lead to
the production and detection of !K bound states [6].
Although it resembles the ordinary method for !

and " hypernuclear spectroscopy, no attention has
ever been paid to the excitation region, which is
much higher than M"c2 = 1190 MeV. One of the
advantages of this reaction is to produce very exotic!K
bound systems on proton-rich “nuclei”, such as p–p,
that are unbound without the presence of K−. We first
discuss the structure of such exotic systems that can
be formed only by the (K−,π−) reaction and then
consider their production processes.

2. Structure of proton-rich !K bound states

Table 1 shows what kinds of exotic species of !K
bound states are formed following (K−,π−) reactions.
The I = 0 !KN pair, which possesses a strong attrac-
tion, gives an essential clue to lower the energy of a
bound system. Thus, K−pp, K−ppp and K−pppn sys-
tems on non-existing nuclei, which can be produced
from d(K−,π−), 3He(K−,π−) and 4He(K−,π−) re-

actions, respectively, are of particular interest. The
doorway states are expressed as 2!∗H, 3!∗He and 4!∗He
in the hypernuclear nomenclature, which are con-
verted to !K bound states, namely, 2!KH,

3
!KHe and

4
!KHe,

respectively. The two less-exotic !K bound nuclei, 3!KH
and 4!KH, can be produced by the (e, e

′K+) and (K−,n)
reactions, as shown in Table 1.
We have calculated the binding energies (B) and

widths (Γ ) of such proton-rich !K bound states by
the G-matrix method, starting from the following
elementary !KN interactions, as derived in Refs. [1–3]:

(1)vI
!KN(r) = vI

D exp
[
−(r/0.66 fm)2

]
,

(2)vI
!KN,π"

(r) = vI
C1 exp

[
−(r/0.66 fm)2

]
,

(3)vI
!KN,π!

(r) = vI
C2 exp

[
−(r/0.66 fm)2

]
,

with vI=0
D = −436 MeV, vI=0

C1 = −412 MeV,
vI=0
C2 = 0, vI=1

D = −62 MeV, vI=1
C1 = −285 MeV and

vI=1
C2 = −285 MeV, where vI

π"(r) = vI
π!(r) = 0 is

taken to simply reduce the number of parameters.
These interactions, characterized by the strongly at-
tractive vI=0

!KN channel, were shown to lead to a strongly
attractive optical potential (see detailed discussions in
Ref. [3]), which is consistent with a substantial reduc-
tion of the K− mass in the nuclear medium, predicted

- strong attraction
- no repulsive core?

A. Doté et al. / Physics Letters B 590 (2004) 51–56 53

Table 1
Summary of the present calculations. B.E.: total binding energy. ρ(0): nucleon density at the center of the system. Rrms: root-mean-square
radius of the nucleon system. ν: width parameter of a Gaussian wave packet used in the calculation. β: deformation parameter for the nucleon
system. ppnK−† and 8BeK−†: AY’s results

B.E. [MeV] ΓK [MeV] ρ(0) [fm−3] Rrms [fm] ν [fm−2] β

3He 7.65 – 0.15 1.54 0.22 0.02
ppnK− 113 24 1.39 0.72 1.12 0.19
ppnK−† 116 20 1.10 0.97

8Be 46.7 – 0.13 2.38 0.21 0.60
8BeK− 159 43 0.76 1.42 0.52 0.55
8BeK−† 168 38 ∼ 0.85

Fig. 1. Calculated density contours of ppnK−. Comparison between (a) usual 3He and (b) 3HeK− is shown in the size of 5 by 5 fm. Individual
contributions of (c) proton, (d) neutron and (e) K− are given in the size of 3 by 3 fm.

24 MeV. The present result is very similar to the AY
prediction: BK = 108 MeV and ΓK = 20 MeV. We
have not considered the decay width from the non-
mesonic decay (K̄NN → ΛN/ΣN ), but according
to AY it is estimated to be about 12 MeV [1]. The
width of ppnK− remains still narrower than that of
Λ(1405), even when the non-mesonic decay is taken
into account.
Surprisingly, the central density (“uncorrelated den-

sity”) of the system amounts to 8.2-times the normal
density due to the shrinkage effect. Fig. 1(a) and (b)
shows a comparison between 3He and 3HeK−. In or-

der to see how the bound K̄ changes the nucleus in
more detail we show the calculated density distribu-
tions of the constituents in Fig. 1(c)–(e). Apparently,
the proton distribution is more compact than the neu-
tron distribution. This phenomenon is attributed to
the property of the K̄N interaction. Table 2 shows
how protons and a neutron in ppnK− contribute to
the kinetic energy and the expectation value of the
K̄N interaction, and also to each root-mean-square
radius. This table together with Fig. 1 can be inter-
preted as follows. Since the K−p interaction is much
stronger than theK−n one, the protons distribute com-

T. Yamazaki, Y. Akaishi, Phys. Lett. B535, 70 (2002)
A. Dote, Y. Akaishi, H. Horiuchi, T. Yamazaki, Phys. Lett. B590, 51 (2004)

--> Strong binding of K̅ in nuclei
     High density (~10 ρ0)?
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Figure 1: The experimental data of the total cross sections of the K−p reactions, which
are taken into account.
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K-p total cross sections to K-p, K̅0n, π+Σ-, π-Σ+, π0Σ0, π0Λ.
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Constraints for K̅N interaction

- old experiments, large error bars, some contradictions
- wide energy range above the threshold

Threshold branching ratios

--> large uncertainty!

Determination of the scattering length by these constraints
B. Borasoy, U.G. Meissner, R. Nissler, Phys. Rev. C74, 055201 (2006)

Introduction

- very accurate
- only at W = mK- + Mp

� =
�(K�p ! ⇡+⌃�)

�(K�p ! ⇡�⌃+)
= 2.36± 0.04,

Rc =
�(K�p ! charged)

�(K�p ! all)
= 0.664± 0.011,

Rn =
�(K�p ! ⇡0⇤)

�(K�p ! neutral)
= 0.189± 0.015,



Measurements of the kaonic hydrogen
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Scattering length from kaonic hydrogen

strong interaction

- shift and width of atomic state (Coulomb bound state)

K-

p

bi
nd

in
g 

en
er

gyEM interaction
experiment

Experiments: KpX and DEAR
M. Iwasaki, et al., Phys. Rev. Lett. 78, 3067 (1997)
G. Beer, et al., Phys. Rev. Lett. 94, 212302 (2005)

- repulsive shift (existence of Λ*)
- quantitatively inconsistent?

EM value

Introduction

U.-G. Meissner, U. Raha, A. Rusetsky, Eur. Phys. J. C35, 349 (2004)

�E � i

2
� = �2�3µ2

caK�p[1� 2�µc(ln�� 1)aK�p] scattering length



New accurate measurement by SIDDHARTA
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SIDDHARTA measurement 

M. Bazzi, et al., Phys. Lett. B704, 113 (2011)

--> New constraint on the K̅N interaction

- smallest uncertainties
⇥E = �283± 36± 6 eV, � = 541± 89± 22 eV

Introduction

116 SIDDHARTA Collaboration / Physics Letters B 704 (2011) 113–117

The response function of the SDD detectors was found to con-
tain a slight deviation from a pure Gaussian shape, which could
influence the determination of the strong-interaction width of the
kaonic-hydrogen X-ray lines. The deviation from the pure Gaussian
response was treated in two different ways to test systematic ef-
fects.

The first analysis used satellite peaks on the left and right
flanks. The left flank is generally found in silicon detectors and
is defined as a function having a feature decreasing exponentially
in intensity towards lower energy [32]. The right flank could be in-
terpreted as an effect of pile-up events and was defined as a Gaus-
sian [33].

In the second analysis, the correction of the “ideal” response
was done by convoluting the Gauss function with a Lorentzian
(producing symmetric tails) and additionally with an exponential
low energy tail.

In both analyses, the kaonic-hydrogen lines were represented
by Lorentz functions convoluted with the detector response func-
tion, where the Lorentz width corresponds to the strong-interac-
tion broadening of the 1s state. The continuous background was
represented by a quadratic polynomial function.

The region of interest of K −d X-rays is illustrated in Fig. 4 (c).
With the realistic assumption of one order of magnitude lower in-
tensities than that of kaonic hydrogen [31] and predicted values
of shift ((−0.3)–(−1.0) keV) and width (∼ 1 keV) [34–36], the in-
fluence of a possible kaonic-deuterium component on the kaonic-
hydrogen shift and width values was found to be negligible.

In the kaonic-hydrogen spectrum, the higher transitions to
the 1s level, Kγ and above, produce an important contribution
to the total intensity. The relative intensities of these lines, how-
ever, are only poorly known from cascade calculations and the
free fit cannot accurately distinguish between them, since their
relative energy differences are smaller than their width, as seen
in Fig. 4. As a result, fitting all the transitions at once, leads to
large errors on the shift and width of the 1s level. To minimize
the influence of the higher transitions, we adopted the follow-
ing iterative fitting procedure. In a first step, we performed a
free fit of all the transitions, with the energy differences between
the kaonic-hydrogen lines fixed by their EM differences, since the
shifts and the widths of the levels higher than 1s are negligible.
In a second step, we fixed the energies and widths of the higher
transitions to the values found in the first step, and fitted leav-
ing free all intensities and the common shift and width for Kα
and Kβ , which are well resolved transitions. With the new val-
ues for shift and width we repeated the described procedure until
the values for the shift and width converged, meaning that all K -
lines had the same values for their shift and width, as it should
be.

We performed two independent analyses, where the event se-
lection, the calibration method, the fit range and the detector-
response function (as described above) were chosen differently.
The comparison of the shift and width values gives a direct mea-
surement of the systematic error from the use of differing proce-
dures. The resulting shift values were consistent with each other
within 1 eV, however the width differed by ∼ 40 eV which comes
mainly from the use of different detector-response functions. For
shift and width we quote here the mean value of the two analyses
and take into account the difference as one of the sources of the
systematic error.

As a result, the 1s-level shift ε1s and width Γ1s of kaonic hy-
drogen were determined to be

ε1s = −283 ± 36(stat) ± 6(syst) eV

and Γ1s = 541 ± 89(stat) ± 22(syst) eV,

Fig. 5. Comparison of experimental results for the strong-interaction 1s-energy-level
shift and width of kaonic hydrogen, KEK-PS E228 [9] and DEAR [13]. The error bars
correspond to quadratically added statistical and systematic errors.

respectively, where the first error is statistical and the second is
systematic. The quoted systematic error is a quadratic summa-
tion of the contributions from the ambiguities due to the SDD
gain shift, the SDD response function, the ADC linearity, the low-
energy tail of the kaonic-hydrogen higher transitions, the energy
resolution, and the procedural dependence shown by independent
analysis.

If we could fix the intensity pattern of all transitions, which
would be possible if more accurate cascade calculations existed,
the statistical error would be better than ±25 eV for shift and
±55 eV for width.

4. Conclusion

In conclusion, we have performed the most precise measure-
ment of the K -series X-rays of kaonic hydrogen atoms. This was
made possible by the use of new triggerable X-ray detectors, SDDs,
developed in the framework of the SIDDHARTA project, which lead
to a much improved energy and time resolution over the past ex-
periments [9,13] and much lower background in comparison with
the DEAR experiment.

The strong-interaction 1s-energy level shift and width of kaonic
hydrogen are plotted in Fig. 5 along with the results of the previ-
ous two measurements, E228 [9] and DEAR [13].

Our determination of the shift and width does provide new
constraints on theories, having reached a quality which will de-
mand refined calculations of the low-energy K N interaction.

For further study of the K N interaction, it is essential to
measure the kaonic-deuterium K -series X-rays to disentangle the
isoscalar and isovector scattering lengths. The present result com-
bined with deuterium data to be collected in the SIDDHARTA-2
experiment [37] will provide invaluable knowledge about the be-
havior of low-energy QCD in the strangeness sector.
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Contents

Introduction
Λ(1405) in meson-baryon scattering

Systematic χ2 analysis with SIDDHARTA

Summary

Contents

・Subthreshold extrapolation of K̅N amplitude

T. Hyodo, D. Jido, Prog. Part. Nucl. Phys. 67, 55 (2012)

・Chiral SU(3) dynamics
・Pole structure of Λ(1405)

・Predictions, remaining issues, ...
Y. Ikeda, T. Hyodo, W. Weise, Phys. Lett. B 706, 63 (2011); 
Nucl. Phys. A881 98 (2012)
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Chiral unitary approach

R.H. Dalitz, T.C. Wong, G. Rajasekaran, Phys. Rev. 153, 1617 (1967)

Y. Tomozawa, Nuovo Cim. 46A, 707 (1966); S. Weinberg, Phys. Rev. Lett. 17, 616 (1966)
- Interaction <-- chiral symmetry

- Amplitude <-- unitarity in coupled channels

Λ(1405) in meson-baryon scattering

T

= +
T

N. Kaiser, P. B. Siegel, W. Weise, Nucl. Phys. A594, 325 (1995),
E. Oset, A. Ramos, Nucl. Phys. A635, 99 (1998),
J. A. Oller, U. G. Meissner, Phys. Lett. B500, 263 (2001),
M.F.M. Lutz, E. E. Kolomeitsev, Nucl. Phys. A700, 193 (2002), .... many others

chiral cutoff
T =

1
1� V G

V

It works successfully in various hadron scatterings.

Description of S = -1, K̅N s-wave scattering: Λ(1405) in I = 0
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s-wave low energy interaction in ChPT
NG boson-hadron scattering: chiral perturbation theory

s-wave contribution: Tomozawa-Weinberg (TW) term
Y. Tomozawa, Nuovo Cim. 46A, 707 (1966); S. Weinberg, Phys. Rev. Lett. 17, 616 (1966)

Vij = �Cij

4f2
(�i + �j)

LWT =
1

4f2
Tr

�
B̄i�µ[�⇥µ�� (⇥µ�)�, B]

�

Λ(1405) in meson-baryon scattering

- Derivative coupling --> energy dependence
- Flavor SU(3) symmetry --> sign and strength 

Cij =
X

�

[6� C2(�)]

✓
8 8 �

Iī, Yī Ii, Yi I, Y

◆✓
8 8 �

Ij̄ , Yj̄ Ij , Yj I, Y

◆

Y = Yī + Yi = Yj̄ + Yj , I = Iī + Ii = Ij̄ + Ij ,

When the interaction is strong, resummation is mandatory.
- Systematic improvement by higher order terms (later)

+ . . .
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Scattering amplitude and unitarity
Unitarity of S-matrix: Optical theorem

phase space (known function)

Scattering amplitude

Ri, Wi, a: not determined in scattering theory

Im[T�1(s)] =
�(s)
2

General amplitude by dispersion relation

T�1(
�

s) =
�

i

Ri�
s�Wi

+ ã(s0) +
s� s0

2�

� �

s+
ds�

�(s�)
(s� � s)(s� � s0)

Identify dispersion integral = loop function G, the rest = V-1 

T (
�

s) =
1

V �1(
�

s)�G(
�

s; a)

The function V is determined by the matching with ChPT

Amplitude T: consistent with chiral symmetry + unitarity
T (1) = V (1), T (2) = V (2), T (3) = V (3) � V (1)GV (1), . . .

Λ(1405) in meson-baryon scattering



Different πΣ spectra?
K-d --> πΣN reaction

Exp.: O. Braun, et al., Nucl. Phys. B129, 715 (1977); J-PARC E31.
Theor.: D. Jido, E. Oset, T. Sekihara, Eur. Phys. J. A42, 257 (2009); A47, 42 (2011)

!"##!"$#!""#!"%#
&$#
&"#
&%#
&'##($

#("

#(%

#('
#($

#("

#(%

#('

�!"#$%&

!"#$%&#'"(%

)*#$%&#'"(%

+,+&#-.'"(%

14

Pole structure in the complex energy plane
Resonance state ~ pole of the scattering amplitude

∼

Tij(
√

s) ∼ gigj√
s − MR + iΓR/2

D. Jido, J.A. Oller, E. Oset, A. Ramos, U.G. Meissner, Nucl. Phys. A 723, 205 (2003)

Two poles for one 
resonance (bump structure)
--> Superposition of 
      two states ?

Λ*2

Λ*1

Λ(1405) in meson-baryon scattering

T. Hyodo, D. Jido, PPNP 67, 55 (2012)
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Origin of the two-pole structure

K̅N πΣ

Leading order chiral interaction for K̅N-πΣ channel
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T. Hyodo, W. Weise, Phys. Rev. C 77, 035204 (2008)

Vij = �Cij
�i + �j

4f2

Cij =

�

� 3 �
�

3
2

�
�

3
2 4

�

�

�i � mi, 3.3m� � mK

� VK̄N � 2.5V��

Very strong attraction in K̅N (higher energy) -->  bound state
Strong attraction in πΣ (lower energy) --> resonance
Model dependence? Effects from higher order terms?

© W.Weise 

Λ(1405) in meson-baryon scattering
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Experimental constraints for S=-1 MB scattering
K-p total cross sections

- threshold branching ratios
- K-p scattering length

K̅N
K̅N scatt.?

πΣ energy

K̅N threshold observables

Systematic χ2 analysis with SIDDHARTA

<-- SIDDHARTA exp.

πΣ mass spectra
- new data is becoming available (LEPS, CLAS, HADES,...)

πΣ threshold observables (so far no data)
Y. Ikeda, T. Hyodo, D. Jido, H. Kamano, T. Sato, K. Yazaki, PTP 125, 1205 (2011);
T. Hyodo, M. Oka, Phys. Rev. C 83, 055202 (2011)
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Construction of the realistic amplitude
Systematic χ2 fitting with SIDDHARTA data

1) TW term

2) Born terms

3) NLO terms

O(p)

O(p)

O(p2)

Y. Ikeda, T. Hyodo, W. Weise, Phys. Lett. B 706, 63 (2011); Nucl. Phys. A881 98 (2012).

Parameters: 6 cutoffs (+ 7 low energy constants in NLO)

Systematic χ2 analysis with SIDDHARTA

TW model

TWB model

NLO model

B. Borasoy, R. Nissler, W. Weise, Eur. Phys. J. A25, 79-96 (2005)
- Interaction kernel: NLO ChPT
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Best-fit results
Systematic χ2 analysis with SIDDHARTA

TW TWB NLO Experiment

⇥E [eV] 373 377 306 283± 36± 6 [7]

� [eV] 495 514 591 541± 89± 22 [7]

� 2.36 2.36 2.37 2.36± 0.04 [8]

Rn 0.20 0.19 0.19 0.189± 0.015 [8]

Rc 0.66 0.66 0.66 0.664± 0.011 [8]

⇤2/d.o.f 1.12 1.15 0.96

pole positions 1422� 16i 1421� 17i 1424� 26i

[MeV] 1384� 90i 1385� 105i 1381� 81i

Table 1
Results of the systematic ⇤2 analysis using leading order (TW) plus Born terms (TWB) and full NLO
schemes. Shown are the energy shift and width of the 1s state of the kaonic hydrogen (⇥E and �),
threshold branching ratios (�, Rn and Rc), ⇤2/d.o.f of the fit, and the pole positions of the isospin I = 0
amplitude in the K̄N -⇥⇤ region.

This clearly indicates the necessity of including higher order terms in the interaction
kernel Vij . It also emphasizes the important role of the accurate kaonic hydrogen data in
providing sensitive constraints.

The additional inclusion of direct and crossed meson-baryon Born terms does not
change �E and ⇤2/d.o.f. in any significant way. It nonetheless improves the situation
considerably since the subtraction constants ai now come down to their expected “nat-
ural” sizes.

The best fit (with ⇤2/d.o.f. = 0.96) is achieved when incorporating NLO terms in the
calculations. The inputs used are: the decay constants f⇥ = 92.4 MeV, fK = 110.0 MeV,
f� = 118.8 MeV, and axial vector couplings D = 0.80, F = 0.46 (i.e. gA = D+F = 1.26);
subtraction constants at a renormalization scale µ = 1 GeV (all in units of 10�3): a1 =
a2 = �2.38, a3 = �16.57, a4 = a5 = a6 = 4.35, a7 = �0.01, a8 = 1.90, a9 = a10 =
15.83; and NLO parameters (in units of 10�1 GeV�1): b̄0 = �0.48, b̄D = 0.05, b̄F =
0.40, d1 = 0.86, d2 = �1.06, d3 = 0.92, d4 = 0.64. Within the set of altogether
“natural”-sized constants ai the relative importance of theK⇤ channels involving double-
strangeness exchange is worth mentioning.

As seen in Table 1, the results are in excellent agreement with threshold data. The
same input reproduces the whole set of K�p cross section measurements as shown in
Fig. 2 (Coulomb interaction e⇧ects are included in the diagonal K�p ⇥ K�p channel as
in Ref. [5]). A systematic uncertainty analysis has been performed by varying the input
parameters within the range permitted by the uncertainty measures of the experimen-
tal data. A detailed description of this analysis will be given in a longer forthcoming
paper [13].

Equipped with the best fit to the observables at K�p threshold and above, an opti-
mized prediction for the subthreshold extrapolation of the complex s-wave K�p ⇥ K�p
amplitude can now be given. The result is shown in Fig. 3, including again a conservative
uncertainty estimate. The real and imaginary parts of this amplitude display as expected
the ⇥(1405) resonance as a quasibound K̄N (I = 0) state embedded in the ⇥⌅ contin-
uum. The present NLO calculation confirms the two-poles scenario [14,15] of the coupled
K�p ⇤ ⇥⌅ system. Using the best-fit input, the resulting locations of the two poles
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Shift, width, and pole positions

- TW and TWB are reasonable, while best-fit requires NLO.
- Pole positions are now converging. 

TW TWB NLO

χ2/dof 1.12 1.15 0.957

Systematic χ2 analysis with SIDDHARTA

Pole positionsShift and width
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K-n scattering amplitude
For K-Nucleon interaction, we need both K-p and K-n.

p
s [MeV]
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a(K�p) = �0.93 + i0.82 fm (TW) ,

a(K�p) = �0.94 + i0.85 fm (TWB) ,

a(K�p) = �0.70 + i0.89 fm (NLO)

a(K�n) = 0.29 + i0.76 fm (TW) ,

a(K�n) = 0.27 + i0.74 fm (TWB) ,

a(K�n) = 0.57 + i0.73 fm (NLO) .

a(K�p) =
1

2
a(I = 0) +

1

2
a(I = 1) + . . . , a(K�n) = a(I = 1) + . . .

Some deviation: Constraint on K-n? (<-- kaonic deuterium?)

Systematic χ2 analysis with SIDDHARTA
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Summary 1

K̅N interaction is closely related to the 
structure of Λ(1405) and the K̅ nuclei.

Coupled-channel unitarity is important 
for the strongly interacting K̅N-πΣ.

Two poles for Λ(1405) follows from 
attractive K̅N and πΣ interactions

We study the K̅N-πΣ interaction and Λ(1405) 
based on chiral SU(3) symmetry and unitarity

Summary

T. Hyodo, D. Jido, Prog. Part. Nucl. Phys. 67, 55 (2012)
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New K̅N threshold data by SIDDHARTA

Implication of the improved framework:

New input for K̅ fey-body calculation

Summary

Systematic analysis with new accurate 
measurement of kaonic hydrogen 

- consistent with cross section data

- Uncertainty in subthreshold 
  extrapolation is significantly reduced.
- I=1 constraint is desired. 

Y. Ikeda, T. Hyodo, W. Weise, Phys. Lett. B 706, 63 (2011); 
Nucl. Phys. A881 98 (2012)

Summary 2


