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Yoshinori AKAISHI and Tosh



Ugucl Ugucl ynue!
K K-+p K K-+ pp « K-+ 3He
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Y. Akaishi & T. Yamazaki, Phys. Rev. C 65 (2002) 044005



Vidnna (F) =V, exp(—(r /0. 66) )

.

VKTN(r) = VDT exp(—(r/0.66)?)

Vit s () = VC, exp(—(r 10.66)?)

T\ VI = 436 MeV

vng (r) vn.’/-\ - 0 /

=27 i

-94.9
-103.0
-104.4

(MeV)

1813 —/—— A+TCO

KN interaction | akaishi-Yamazaki

..............................................

VI =-412 MeV

..............................................

VI~ = 285 MeV
V5" = -285 MeV

A critical analysis
by E. Oset and H. Toki,
Phys. Rev. C 74 (2006) 015207

"The A-Y model set-up is unacceptably rough."



Forward KPa'N scattering amplitude

Y. Akaishi & T. Yamazaki, P. R. C65 (2002) 044005

% A.Cieply, E. Friedman, A. Gal & J. Mares,
. N. P. A696 (2001) 173

N, N. Kaiser, P.B. Siegel & W. Weise, N. P. A594 (1995) 325

E. Oset & A. Ramos, N. P. A635 (1998) 99

Threshold E [MeV]

I
. 5-1450

A-Y's attraction does not deviate from chiral-dynamics strength.



Chiral SU(3) dynamics

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

Lagrangian

L=1W4 1@,
SU(3) meson field

[T

e = 87tr(§[[¢,ao¢1,s]),

SU(3) baryon field

[ —...

1.0, 1 +
vt t s T

™ — o +

V2

K- K

1 0 1 0 +
FZ'+ A by
- L0 4

—_—— \'..2 .—D

Chiral perturbation expansion has a small radius of convergence for K°aN.

Pseudo-potential

C:
[ Vij(k'sk)=f_zjﬂiﬂjgi(k')gj(k) }

gjlk)=

1

1+k?la}’

gy = 757.8 MeV,

B =

aqp = 300.0 MeV,

Meson decay constant

f=94.5 MeV

1M

normalization

apy = 448.1 MeV




“Oset-Ramos” chiral unitary model

E. Oset and A. Ramos, Nucl. Phys. A 635 (1998) 99

Virtually

(&

v{k) = gk V) Tg(k)

Weinberg-

Tomozawa

1 fork< A

k) =
gtk) {O fork> A

A =630 MeV/c

G=[4:,94(d|Glq)

1

T = ~
1-VG

"4

Unitarized

10 channels

v={v/'7}

1- Vé =0 = Resonance / bound states



A(1405)
in momentum space

Wave function of A(1405)

0 200 400 600 800 1000 1200

- p [MeV/c]

< “Oset-Ramos” 630 MeV/c

Akaishi-Yamazaki

Yukawa form 789 MeV/c?

r [fm]
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Akaishi-Yamazaki
Yukawa form
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-1000

Equivalent local potential

Unrealistic
behavior !
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Double pole structure of A(1405)

A+

231 MeV A(1405) consists of two poles,

= one of which is not K-p but Xxt pole.
K-+ p P mP —

—_— O

W E. Osetetal.
E = -6 MeV, /'= 32 MeV

E =-42 MeV, I'= 132 MeV
2

Mev| Xt 70




Chiral dynamics of two A(1405) states

D. Jido, J.A. Oller, E. Oset, A. Ramos & U.-G. Meissner,

Nucl. Phys. A 725 (2003) 181

8R8=108,d8, H10d 10 27.

M; (X) = x(M; —Mg) + Mg

s
Al I 2 DN Loalrls
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Experimental check !

Sl m?(x) = x(m? - m3) + mZ =10[_g— 1580
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Evidence for two-pole structure of A(1405)

V.K. Magas, E. Oset and A. Ramos, Phys. Rev. Lett. 95 (2005) 052301

% 10712 kaaﬁt \‘/
2.5 ' é' v ' ' 1 © Tynsn
1% . —K p-——>n°n° 3’
=G . == p-—>Knz
- N A M =1395 MeV
%1-5' ,,,! ;'_,! ...v..MA=1420 MeV
= : : ‘-I% T ‘\- MTETE,ETE
=T [ RS 2
- l : : . . p—r—TT:—'—h—E
__60 c o = g v L _ (1710) N .
= : Lk - N
= . Hyodo, A. Hosaka et al.,
0 . A vV . ‘_\ Phys. Rev. C68 (2003) 065203
1.3 1.35 1.4 1.45 1.5 1.55



Event rate
Yukawa form: b =0.25fm

"Double pole"” case

(E,T) = (-27,40), (-45, 8500) MeV
v, 50

Single pole case
(E.I) = (-27,40) MeV

.
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Coupled channels

1+ 511 512
. 27 : 2
Tia | (A-ikgb) (L-ixgb) Via
out,in (1_ik1b)2’ (1—i1(2b)2
_ 1 0
312—281(0)\/12’




Resonance shape

The Jost function
1 Ae_i5 I

= + terms regular at eg = Eg —i—
fi(E) E-eéR RTTRT
f1(E)  _os ir :

Si(E) (E)¢ { (E—ER)+1T/2} + 2T (E)

ri2
(E - ER)+il'/2

N

Interference!

‘ 2

IT/(E) =|e”sins +




Interference effect :

" 0. Morimatsu & K. Yazaki,

Nucl. Phys. A483 (1988) 493;
Prog. Part. Nucl. Phys. 33 (1994) 679

o0=-0.57

Pseudqg-peak
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Not the evidence for double poles!

x 10
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Magas-Oset-Ramos's conclusion is wrong.
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T

Step form factor & resonance width

M. Obu, M. Wada,

glk)=—

) K2 N
N=1,2,4,8 1+(/\2J

...................... X.. Potential
r

" ik Slow damping
R = Rapid oscillation

N
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High excitation
Narrow width

~ 2i N
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Possible position of resonance pole

"O-series"”
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K-p bound state

[Wave function ]

“O-series”

00

200 |
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-1000 -

=222
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K-p bound state

“W-series” 9a(k)=

[Wave function ]

0.0 1.0 2.0 3.0 4.0 5.0 ~~~~~ 1( ......
200 © |

0. 2.0 3.0 4.0 5.0 Kp.32 family
200 r [fm] M. Wada

[ Potential ]

-600 | N =
u N =
[MeV]
4/N =1

-1000 -



Remarks by Oset-Toki

irrelevant
The Akaishi-Yamazaki model set-up, after dropping several important processes and channels,

leads unavoidably to an unrealistic deep potential.
a realistic potential for decaying state.

The a posteriori corrections of the theory to match the experimental findings
and increase the binding energy by a factor of two

only added more uncertainties to the already unacceptably rough approach.
pointed out key issues to be investigated.

These criticisms are not the cases!

"Double-pole structure” of A(1405) could be a kind of artifact!
Application of O-R's chiral unitary model should be carefully checked.



Proton spectra from K- captures at rest

K-SLi -> p+Z-+a FINUDA
I M. Agnello et al., nucl-ex/0606021
\‘-’\900:—
2 aoof 6Lj
. %700; Iﬂ}w |
£ oo t !

K-“4He -> p+X-+d

300[ H}H l|*l
I 2000 Iﬁ" IlI+
¢ #
1
1 100f :n ‘hﬁmﬂ
| ] L L -
8.1 0.2 OI.'.’; 014 0|5 015 ".SL? 0.8
200 250 300 350 400 450 500 550 GeV/c

p, [MeVic]

oT
508 MeV/c for SLi
482 MeV/c for 4He



Deuteron momentum distribution in nuclei

25
in SLi low high rms mom. E(d-core)

20 “He 184 MeV/c -23.8 MeV
6Li |73.7% 26.3% 177 MeV/c -1.48 MeV
12C | 44.3% 55.7% 303 MeV/c -25.2 MeV

15 |

10 b in He

o5 | in 12C

| / x
0.0 e

0 100 200 300 400 500 600 700 800
p [MeV/c]



Lambda spectra from K4He —> A+n+d

Oset-Toki’s process
contradicts with
Katz et al.’s data.

200 250 300 350 400 450 500 550 600 650 700 750
p, [MeV/c]

P.A. Katz, K. Bunnell, M. Derrick, T. Fields, L.G. Hyman & G. Keyes, Phys. Rev. D 1 (1970) 1267



K- absorption on pp

d3r 2.2 o ( 1 2) ( 2 2)
=const- exp| —— Ih exp| — — Ih
dpydpydx PoPY Pipy) €XP| = (P(pv)/7)" | Pan €XP| = (Pnn /1)
72
2 ho=——a
5 (2M,, + My +Mp)Ma s 5 M
v = +py +2 x] Xx=cosé N
> { 2M,(M,, + my) (pp Py +<PoPy ) PY
P 1
T =Me? +mec® ~Myc® —BE, ——————(pg + Py +2PpPyX)
M H(pY)(nn)
1 Myp; +Mgpy - 2MpppMy pyX /
2 Loy (M, +My)? @

D e

M, >

p(sz) = (5p + 5Y)2 . (pY) c.m. momentum

2
Pon — 0: Energy conservation relation
n




(Ap) partial invariant mass from K-*He —> A+p+n+n

From deeply bound K-pp
(BE, I')=(115,67) MeV

<—— From K- direct capture on pp

FINUDA
M. Agnello, H. Fujioka,
T. Nagae, H. Outa et al.,
Phys. Rev. Lett. 94 (2005) 212303

2200 2225 2250 2275 2300 2325 2350
M(Ap) [MeVic?]



Few-body KN systems

(s=2) DA®NE1999
O]

. Akaishi & T. Yamazaki

Strange
baryon

Di-baryon

Tri-baryon @
()

093

FINUDA@DA®NE
® FOPI@GSI
Tetra-baryon AMADEUS@DA®NE
v 0, 0O J-PARC

D.B. Kaplan & A.E. Nelson
G.E. Brown, M. Rho, H.A. Bethe

Kaon condensation in strange matter



@high densities

e + P + N ——v + N+ N “Neutron star’

~3po

v+K-+p+n

Strong attraction

“Nucleon star”
with kaon condensation

G.E. Brown, Nucl. Phys. A574 (1994) 217c.

G.E. Brown & H.A. Bethe, Astrophys. J. 423 (1994) 659.

G.E. Brown & M. Rho, Phys. Rev. Lett. 66 (1991) 2720,
“BR scaling”

4U 1700-37 | a pa—

4U 1538-52 =gy
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o ==
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PSR 2303+46 companion

PSR 1534+12 companion

PSR 1913+16 companion

PSR 2127+11C companion

C.H. Lee, G.E. Brown, D.P. Min & M. Rho, Nucl. Phys. A585 (1995) 401
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“Low-mass black hole”
1.5~1.8 Mg

SN1987A ?
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Density (/fm”3) Density (/fm”3)
0.0 __0.10 0.0 __0.41

[Dense & Cold ]

AntisymmetrizedMolecularDynamics calculation
A. Dote, H. Horiuchi, Y. Akaishi & T. Yamazaki, Phys. Lett. B590 (2004) 51.



Excitation energy

(MeV) 4
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AR Z]

A new paradigm of Nuclear Physics

Nuclei of 2"d generation

The su quarks play a leading role
in forming a dense and cold nucleus.

-
SO
% 7] «— (K7,K")
[[Z+ 1] «— K7, 7"),(z",K")

diagram

«— (K°,n7),(x",K")
\ «— (K°,N)
NIFENN ’
04z
—=[—L Yamazaki's
T \&®

a7 “lz+1 2+

S=- S=0 nuclei
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