
Single-Pole Nature of Λ(1405)
and Structure of K-pp

Yoshinori AKAISHI,  

Jafar ESMAILI,  Toshimitsu YAMAZAKI

ECT*, Trento
Oct. 12-16, 2009



K- + p

MeV -27K =E
MeV 04=Γ

1 2 3 r fm
0

-50

-200

-300

-400

-500

nucl
KU

MeV

Λ(1405)
Σ+π

Λ+π

K- + pp

MeV-48K =E
MeV61=Γ

1 2 3 r fm
0

-50

-200

-300

-400

-500

nucl
KU

MeV

H2
KΣ+π

Λ+π

K- + 3He

MeV-108K =E
MeV02=Γ

1 2 3 r fm
0

-50

-200

-300

-400

-500

nucl
KU

MeV

H3
K

Σ+π

Λ+π

T. Yamazaki & Y. Akaishi, Phys. Lett. B 535 (2002) 70
Y. Akaishi & T. Yamazaki, Phys. Rev. C 65 (2002) 044005

N.V. Shevchenko, A. Gal & J. Mares, Phys. Rev. Lett. 98 (2007) 082301
E = -55~-70 MeV, Γ  = 90~110 MeV

Y. Ikeda & T. Sato, Phys. Rev. C 76 (2007) 035203
E = -80 MeV, Γ = 73 MeV Shrinkage!

A. Dote et al.
"Λ(1405) Ansatz"



K-

NN

1

2 3

4
3ˆ,

4
1ˆ NK1

12
NK0

12
ττττ rrrr

+
=

−
= == II PP

Variational wave function of K-pp

( )[ ] ( ) ( ) ⎥
⎦

⎤
⎢
⎣

⎡
+−+== 3

1,1
213

0,1
213

0,0
21 3

2
3
1

4
1

4
32/1 nNKpNKpNKT

Λ*p

ATMS 
Amalgamation of Two-body correlations into Multiple Scattering process

{ } { }[ ] 2/1ˆ)(ˆ)()()()()(ˆ)(ˆ)( 1
3131

10
3131

0
23NN123123NN

1
1212

10
1212

0 =+++=Ψ ======== TPrfPrfrfrfrfrfPrfPrf IIIIIIII

{ } { }
{ } { }2

fmMeV
1

NK

2
fmMeV

0
NK

)66.0/(exp105175)(

)66.0/(exp83595)(

rirv

rirv
T

T

−−−=

−−−=
=

=

{ } { } { }2
fmMeV

2
fmMeV

2
fmMeVNN )5.2/(exp5)942.0/(exp270)447.0/(exp2000)( rrrrv −−−−−=

{ } 0=− ΨΨλΨΨδ Hf

Euler-Lagrange equation



N-N distance2.0 fm

ba φφΨ ±=±

)()()()()()( aab
*
bbba

*
a

2
bbb

2
aaa

2 rrrrdrrdrrdd
rrrrrrrrrr φφφφτφφΨτ +∫±∫+∫=∫ ±

Covalent part

K- distribution in K-pp

∼  close to free
Λ*(I =0,K-p)
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Heitler-London picture of K-pp
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Adiabatic p-p potential in K-pp
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T. Yamazaki & Y. Akaishi,
Proc. Japan Academy, B 83 (2007) 144

Revival of Heitler-London-
Heisenberg  picture

Λ*= (K-p)I=0 condensed matter

Migrating real kaons!
−− a new paradigm −−

DISTO data on K-pp
T. Yamazaki et al.

on 15 Oct.
FINUDA data on K-pp

S. Piano et al.
This morning!

New!



KbarN scattering amplitude
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Chiral

Chiral SU(3) dynamics
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Double pole structure of Λ(1405)

=K- + p                           

Σ+ + π-

Λ + η
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Λ(1405) consists of two poles, 
one of which is not K-p but Σπ pole.

Channel 1

Channel 2

What effects on experimental observables?

D. Jido, J.A. Oller, E. Oset, A. Ramos & U.G. Meissner, Nucl. Phys. A 725 (2003) 181
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mBc2=4000 MeV

Peak position of the 1st pole in MΣπ spectrum
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1432-17i , 1398-73i
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Chiral SU(3) dynamics and the 2nd pole

Weinberg-Tomozawa term
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Hyodo-Weise's chiral SU(3) dynamics

Σπ invariant mass spectrum of KN-Σπ coupled system
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Generalized optical potential
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Evidence for two-pole structure of Λ(1405)
V.K. Magas, E. Oset and A. Ramos, Phys. Rev. Lett. 95 (2005) 052301

Logically impossible to stand !

TΣπ,KN
case

TΣπ,Σπ
case

D.W. Thomas et al.,
Nucl. Phys. B 56 

(1973) 15

Remnant
1st pole

S. Prakhov et al.,
Phys. Rev. C 70 (2004) 

034605
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Hyodo-Weise's chiral SU(3) dynamics

Observables of KN-Σπ coupled system
_
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Σπ invariant-mass spectrum
"T21/T22" problem
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I. Zychor et al., Phys. Lett. B 660 (2008) 167
R.J. Hemingway, Nucl. Phys. B253 (1985) 742

T21-1405 
A-Y

T22-1420 ; Chiral

Dalitz-K

Large  difference!

2
6
11

2
10

3
1πΣ

2
3
20

3
1πΣ

2
6
11

2
10

3
1πΣ

00

-

=+=−==

=+=−=

=+=+==

+−

+

III

II

III

MΣπ [GeV/c2]

T22-1406 ; PDG



1330 1350 1370 1390 1410 1430 1450 1470 1490

11
1 Im T⋅− π

kTC 2
21

kTC 2
22

2: Σπ 1: KN

KN−>Σπ invariant mass spectra

Σπ−>Σπ
invariant mass

spectra

s1/2 [MeV]

Ar
bi

tra
ry

 u
ni

t

Escape of K

Conversion

KbarN missing mass
spectrum

Weise/ChiralTm.f
Weise/AMYsTm.f

L.S. Geng & E. Oset, 
Euro. Phys. J. A 34

(2007) 405

T21-1420

I. Zychor et al., Phys. Lett. B 660 (2008) 167

T21-1405

1420
H-W

1405
A-Y



MΣπ(MeV/c2) MΣπ(MeV/c2)

Riley et al. Phys. Rev. D 11 (1975) 3065mH ΣπHeK   -  34 ±→

1340 1350 1360 1370 1380 1390 1400 1410
0

50

100

150

200

250

300

350

400

450

500

1340 1350 1360 1370 1380 1390 1400 1410

N
um

be
r o

f e
ve

nt
s

p-orbit
 1405-40
 1420-40

s-orbit
 1405-40
 1420-40

 

 

 

 

 
HΣπHeK 34- m±→

S-

1400 1405 1410 1415 1420 1425 1430 1435

20

30

40

JOORM

ORB

BNW

HNJH

BMN

 

CL
 68%
 90%
 99%

 99.9%

Γ
(M

eV
)

MΛ* (MeV/c2)

Some Chiral SU(3) models

10% 10% ΣΣ00(1385) & 10% (1385) & 10% PP--orbitorbit

3.4
1.3

4.1
0.1 6.25     5.1405 +

−
+
−Λ =Γ=M

J. Esmaili et al., arXiv:0906.0505v1 [nucl-th]

Σπ invariant mass from stopped K- on 4He
Data : B. Riley et al., Phys. Rev. D 11 (1975) 3065



1400 1410 1420 1430
0

10

20

30

40

50

60

70

90% C.L.
68% C.L.

99% C.L.

 

 

MΛ* (MeV/c2)

χ
2

Γ = 35 MeVSS--orbit abs.orbit abs.
GGaussauss ppot.ot.

90% C.L.
68% C.L.

99% C.L.9.6

5.0
2.6

0
2expexp

1 exp

2exp
2

)(

numbersfor)(

ii

N

i i

ii

YY
Y

YY

Δ

χ

≈

∑
−

=
=

χ 2 values for Σπ invariant-mass spectra



2
n0πnΣ

2

n12pKΣπ,
nΣ

2

)()2/(~),()'(~const - kFEkkkgkTkg
dkdk

d
⋅⋅= γΓ

0nΣ
2

n4
12

Σ22

2

',
'

)'(~ Xkkkkk
k

kg ++=
+

=
Λ

Λ

nΣ
22

2
n

2
Σ

2242
π

2
nΣ

2
K

2
d

Σn0 2
)}({)(cos

kkc
kkccmEEcmcMX

h

h ++−−−+
== θ

0nΣ
2

n
2

Σπ
2

π
2242

ππ 2, XkkkkkkccmE ++=+= h

K-D atom : n-spectator resonant process

π

Σ n kn

Spectator

10 ≤X is kinematically allowed.

Momentum distribution of D
2

0
0n0

2
n0 )()()( ∫∝

∞
rdrrUrkjkF

Λ*

nπΣn*ΛdK- ++→+→+



1380 1390 1400 1410 1420 1430
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2nd pole effect 
is negligible !

Σπ invariant-mass spectrum
from stopped K- on D
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Concluding remarks

It is virtually important to distinguish the mass of so-called Λ(1405),
1405 MeV or 1420 MeV, by considering "T21/T22" problem.

The observed Λ(1405) is of single-pole nature, since the 2nd pole (due to
strongly energy-dependent interaction) is irrelevant to any peaked data.

The Λ* resonance forms the basic structure of K-pp.

Stopped K- on D
would provide a decisive datum.

T. Suzuki et al., on 15 Oct.

A conversion MΣπ spectrum from stopped K- absorption 
supports the "1405 Ansatz".

112
2

21 ImIm TGT =

Mc2 MeV and Γ MeV

Stopped K- on 4He
B. Riley et al. 4

3
4.1
0.1 6.255.1405 +
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− ==

J. Esmaili et al., arXiv:0906.0505
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nπΣdK -- +→
PK= 760 MeV/c

O. Braun et al.,
Nucl. Phys. B129 (1977) 1
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Effect of Revai-Shevchenko's 2nd pole
Σπ single channel Optical potential
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Σπ-Σπ invariant-mass spectrum
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mBc2= 770 MeV

1330 1350 1370 1390 1410 1430 1450

s1/2 [MeV]

f =1

f =0

0.8
0.60.4

0.2

s22=-0.66 only

2121 sfs ⋅→



1330 1350 1370 1390 1410 1430 1450

s1/2 [MeV]

s22= -0.66

s22= 0

s22= -0.6

s22= -0.4

s22= 
-0.2

Σπ invariant mass spectrum
qsT

2
ΣπΣπ, )(

L1405/BWform.f

mB= 770 MeV



QF

K lab= 200 MeV/c

K lab= 120 MeV/c

K lab= 5 MeV/c

Spectator process dominates!
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Stopped kaon does not provide
a good set up to learn

about Λ(1405).

X

D. Jido, E. Oset & T. Sekihara, 
Eur. Phys. J.

Low-momentum K-+D reaction
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O. Braun et al., Nucl. Phys. B 124 (1977) 45

cf. P. Kienle, Y. Akaishi & T. Yamazaki, Phys. Lett. B 632 (2006) 187
Dalitz plot for spectator process


