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A. Dote et al.

"A(1405) Ansatz"
U%ucl Ugucl
"+ K K-+
MeV K P Me)/ PP
T 1 2 3r fm 1 2 3r fm
0 t —» 0 t
50 A(1405) 50
+ E_. =-27 MeV z+
I =61MeV
N.V. Shevchenko, A. Gal & J. Mares, Phys. Rev. Lett. 98 (2007) 082301
E = -565~-70 MeV, /" = 90~110 MeV
Y. lkeda & T. Sato, Phys. Rev. C 76 (2007) 035203 ) |
E=-80MeV, [7'=73MeV Shrinkage!
’ Ve
—4OOJ -400 -400[
-500[ -500[ -500/

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



Variational wave function of K-pp

ATMS
Amalgamation of Two-body correlations into Multiple Scattering process

Y= Hfl:o(r12)F31|2:O +1 5 (ryp )Py5” }fNN(rZS)f(r31)+f(r12)fNN(r23){flzo(r31)|3311:0 +£1=1(r54 Pa; " }J\T =1/2)

cico =Ty a1 3+ 5T
R P1'2‘0 = TKIN P1|2_1 _ +ZKTN
30— 1 1= W 2 —
& T :1/2>:\/;[(K1N2)00p3] 2 {—\/;(K1N2)1°p3 +\/;(K1N2)11n3}
2 A*p

Euler-Lagrange equation
5 | HIw) - 4(#[#)} =0

VERO(r) = {595 — 183y expl- (1 /0664, ) |
VENr) = {175 - 105}y, expl (r /0.664,)?
Van(r) = 2000y expl (1 /0.4, 2 | 270yey expl (1 /0.9424, 2 |~ Byey eXxpl ( /2.5.)



K" distribution In K-pp

"Snapshot"

~ close to free
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Direct integral

“Kaonic hydrogen molecule”
EXAO5 : P. Kienle

Covalent part

Covalent bonding

9a(Fs) Bo(Fy) + B (o) Ba(Fs)

Exchange integral



Heitler-London picture of K-pp

@

| A(1405) | o
E —-27.8 —-20.0i
KE 115.3
PE ||-143.1 —20.0i

L @)+ (@]

__Kpp | Mev]

E ~-47.5 -30.6i | [4E=-20
KE 167.0 KE = |52
PE | -2145 —30.6i 33

<VNN> -19.0 AV = '19
(2vgn) | —195.5 —30.6i
(2vin) | [-188.2 ~26.2i

(2vi) | -73  -4d4i

(2vign) | [£143.0 -23.3i
(2vs) | [C5268] -7.3i | avee=s53

Real KPar migrating
attraction



Adiabatic p-p potential in K-pp

e -©

[MeV fm2]
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-100 r
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R2 V(R)

Normal nuclear force :

1.0 | 20 R [fm] 3.0

virtual meson exchange

Super strong / Normal

— volume integral ratio —

Super-strong nuclear force :

real K*2r migration

~4.1



NASA's Chandra X-ray

3Cs8 RX J1856

A*= (K-p)=° condensed matter ..

Migrating real kaons! P p
— a new paradigm — 1

ATATATINR

¢

DISTO data on K-pp K E% Revival of Heitler-London-
T. Yamazaki et al. s Heisenberg picture P P
on 15 Oct. D D e
FINUDA data on K-pp )
S. Piano et al. T. Yamazaki & Y. Akaishi, )

This morning! Proc. Japan Academy, B 83 (2007) 144 PP



KP2'N scattering amplitude

T. Hyodo and W. Weise, Phys. Rev. C 77 (2008) 035204
Chiral SU(3) dynamics
| ' I ' | ' I
—— Re (phen) LT
[ = Re (chiral) /i 0

|

Frn [Tm]

1320 1360 1405 1490 1440

"ORB": E. Oset, A. Ramos & C. Bennhold, Phys. Lett. B 527 (2002) 99
"HNJH": T. Hyodo, S.I. Nam, D. Jido & A. Hosaka, Phys. Rev. C 68 (2003) 018201
"BNW": B. Borasoy, R. Nissler & W. Weise, Eur. Phys. J. A 25 (2005) 79

"BMN": B. Borasoy, U.G. Meissner & R. Nissler, Phys. Rev. C 74 (2006) 055201
"JOORM": D. Jido, J.A. Oller, E. Oset, A. Ramos & U.G. Meissner, Nucl. Phys. A 725 (2003) 181



Double pole structure of A(1405)

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

A+n

231 MeV
Channel 1
K+p
_ 0
‘%% A(1405) consists of two poles,
E = -6 MeV|, I'= 32 MeV one of which is not K-p but >z pole.
E =(-42 MeV, I'=132 MeV
% —> What effects on experimental observables?
/.
3
=
T
Channel 2 il

-100
Mev| Xt + T




Peak position of the 1st pole in M;_spectrum

Hyodo-Weise’s two-channel model
1432-17i, 1398-73i
1st pole 2nd pole

The peak position shifts
from the pole position.

— Threshold effect —

KN threshold

; \ cut

1400 1410 1420 1430 1440
sz MeV

1t pole @ on [+,-] sheet

L1405/Zychor.f
mgc2=4000 MeV



Chiral SU(3) dynamics and the 2"9 pole

Weinberg-Tomozawa term

a),-<: S—Mi

. ¢ i Energy dependent

LA interaction

- with a large positive
KN imaginary part
me (source term)

>r channel
0 100 MeV
|
& Re @,
E
> @
2nd pole

-100 |~
MeV

2nd pole  1stpole
1400-i76 1428-i17

1398-i73 1432-i17

) G
. T . — ~,': Lot + .@0 T
1 Full ch.
— VvV ; -1 = -1 — 2 Ch.
1-VG T "4 G
1 ch.

1-VG =0 = Resonance (bound) states

1388-i9v6\I

Hyodo-Weise




>r invariant mass spectrum of KN-=x coupled system

Hyodo-Weise's chiral SU(3) dynamics
i Observation |
L Re E
2
| T(E)[ k, 1st pole O
1432-17i 1st pole
i 27 pole 5 d. |
: nd pole
1398-73i o0 - Im (5) = +73 MeV
: MeV source term
\ ImE
"Breit-Wigner" y T E)=v(5)-G(E)
TEY? ~ rz14
L 05
Not "superposition” 00 1 logyq | T(E)|*
v -05
i No 10
/ e
T T 1 T 1 T 1 T 1 -25 T T
1330 1350 1370 1390 1410 1430 1450 1470 1490 0 %0 100 150

-ImE
12 [MeV] "




Generalized optical potential

(Tﬂ T12j:[v11 V12J+(V11 V12J(G1 OJ(TH T12]
To1 Top) \Maq Vo) \Vpg Vo A O Gy \Tyy Ty

V21 ’ \/102pt (E2 ) %

Gy (Ey)
1-V5, Gy (Ey)

1

1
Viz
1-V5,G,(Ey)

Gy(E4)

VEPU(E ) = Vg +Via

VOPYE,) = v VIPYE, )=V, +V.
21 (Eq) e 21 22 (E2)=V2 211—V11G1(E1) 12
{} E/=E;-Q
1 t 1 t
Ti(Eq) = VoP(E) Ti2(Eq) = V. 2HE,)
1=V, P (E1)Gy(Ey) 1 v1°p‘(E1)G1(E1>
1 1
To4(Ey) = 0pt(E1) ; T(Ey) = Opt(Ez)

1-VI(E,)Gy(E,) 1-VIP(E,)Gy(E,)

1-VP(ENGHEr) _ 1-V4Gy(Ey)
1=V (E)Gy(Ey)  1-VasGa(Ep)




Feshbach theory

1; KN G
. Vzozpt =V + Vo —1V12
2;zm 2nd pole 1- ‘/1 1G1
;c Sres Interference
/ \4 2
[ Ty(E)? ~| &% sing, + F/2.
E-Ep+ill2

180 |
Deg. .
160 T Phase shifts Remnant

of 1st pole

140
120 I
100
80 |
60
40 I

20

o—_-_ —

1350 1370 1390 1410 1430 1350 1370 1390 1410 1430
s2 Mev] s2 Mev]

O. Morimatsu & K. Yazaki, Prog. Part. Nucl. Phys. 33 (1994) 679



2=t invariant-mass spectrum

1; KN
2;2mm

opt 2nd pole G1
Vor =V + Vo 1-V, G, Viz

. !

0 0

1330 1350 1370 1390 1410 1430 1450 1470 1490 1330 1350 1370 1390 1410 1430 1450 1470 1490
s’2 [MeV] s'2 [MeV]

Weise/ChiralTm.f



-

z,(ORB) z(HNTH)
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Logically impossible to stand !

Evidence for two-pole structure of A(1405)

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

g x 107"
oor i 4= 2.5 ' i
; 1"[; E A v _ 0 0.0
& 2 2.4 ) - - Kp-—nmnZX
- ..: | - - 0
e .-§_ - 2 TEn,Zn - TETc,KN np-—> K'mx
. A 4 i S case '_: | case A M1=1395 MeV
red:- ! = /
1.6 2 2.; _e 1.5+ I -1 15 pole - M1=1420 MeV
| L g S Remnant'—— .
. - - D.W. Thomas et al., = “
- rﬂ M =gl
1.6 2 2.4 E I - o
2000F = 1 : S him
4 4 e - : : <. "
: Bos i S PR
1 Y2 Xe) : =
e 2 2.4 . - - =
rn’(’;T‘) IGeV?/c"1 | 0 - | A, v ||_\
S. Prakhov et al., 1.3 1.35 1.4 1.45 1.5 1.55
Phys. Rev. C 70 (2004) M. GeV

034605



Observables of KN-=r coupled system

Hyodo-Weise's chiral SU(3) dynamics

—— - 1.Im T;; | KN missing mass spectrum

2:¥nt 1: KN

Two kinds of Mg;t" spectra

2
Im Ty =|Ty| " ImG, "Conversion =n" : T,,

mass "Scattering X" : T,,

spectrum

Arbitrary unit

-1 Y7 2
—— ImTy =472 T, k
pLULULEY hz‘ 21 k2

Escape of K

ZN—>XT
invariant mass
spectrum : Conversion

1330 1350 1370 1390 1410 1430 1450 1470 1490
s'2 [MeV]
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271 Invariant-mass spectrum
)= [Sr=0+ A=+ n-2

1;RN " " ‘z°n°>:—\/g\|:0> +\/§‘|:2>
2;xm T21IT22 prObIem ) = \g\|=0>—\g\|=1>+\/g\|:2>

— R.J. Hemingway, Nucl. Phys. B253 (1985) 742
® |. Zychor et al., Phys. Lett. B 660 (2008) 167
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Weise/ChiralTm.f
Weise/AMYsTm.f

I. Zych

do/dM, 5 [Ub/MeV]
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Number of events

>r invariant mass from stopped K-on “He

Data : B. Riley et al., Phys. Rev. D 11 (1975) 3065

10% °(1385) & 10% P-orbit

BI;/IN
Some Chiral SU(3) models
BNW
|
e ORB - === mimim o=
m ® HNJH
JOORMm=
. +1.4 . +4.3
M, =14055" T =256"2

500 -
E S-orbit [ CL
450 || —— 1405-40 - | ——68%
E —1420-40 20 | —90%
400 | 99%
' S | ——99.9%
s (<5}
¥ F K*He > ms™H 2|
F oL
300 |
250 F 30 L
200 [ [
150 f X
100 | [
50 i
ot - I
1340 1350 1360 1370 1380 1390 1400 1410 1400 1405

M,._(MeV/c?)

1410 1415 1420

1425 1430 1435

M,. (MeV/c?)

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



y?values for Xr invariant-mass spectra

70
[ | S-orbit abs. "= 35 MeV
60 | Gauss pot.
50 |-
40 P
N [
30 |-
20 [ 2
[ N (Y. — YSXP
[ 96 99% C.L. Xt = 21(IYT'P) for numbers
- S i= i
10 | 5.0 90% C.L.
i 2.6 A 68% C.L. YoP x (AYSP)?
0 [ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

1400 1410 1420 1430
M,~ (MeVIc?)



KD atom : n-spectator resonant process

d’ -
=const‘ KT, (k,, klz‘kknE F, (k
dk,dk. g(k') (271)9( )| ks ‘ o )‘
2 2 E 2 2.4 22 20, 2 2
X, = cos 6 :(Mdc +mgc” —E; En)2 2{m1T c’+nc(ks” +k,")}
2h°cksk,
‘X ‘ <1 is kinematically allowed.
~ iy ]
g(k') = \/k T k +kk Xo K+d—>A*+n > Z+m+n

+k'2’

E, =ym,2c* +n%c?k,?, K, =+ks +k 2 +2ksk, X,

Momentum distribution of D
2

| Fo (K, \oc jjokr o(r)rdr

Spectator




21 invariant-mass spectrum
from stopped K- onD

\
%

. 2nd pole effect .:
is negligible ! . 10 I . I : I : I
. gL — Re (phen)
i . mmm Re (chiral)
Hyodo-Weise %..' 6
| (chiral) N — 4
‘s hi : ; Z 9
L Akaishi-Yamazaki > u’f =
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2w pole METr [MeV/c?] 1st pole ..'u!-I . [MEV]



Concluding remarks

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

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

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

A conversion M,_spectrum from stopped K- absorption
Stopped K- on “He supports the "1405 Ansatz".

180

B. Riley et al. A

Mc? =1405.5"14 Mev and I' = 25.6*% Mev
g J. Esmaili et al., arXiv:0906.0505 v
120 [ | C36. Pet - I | I | I | I
r — R.E-' RF‘I:IE-'EITI L ]
oo - B~ i AR o
<= ‘T21‘2|mGz =|m7’11 — ﬁ_—R-Eﬁbth&]:' . 1
90:7 4 ___——7’1\ -h |
Stopped K- on D " N\;:"
wh would provide a decisive datum. 2 H\_/ .
' . 4 _
o s T. Suzuki et al., on 15 Oct. I NS SR
1340 1350 1360 1370 1380 1390 1400 1410 1320 1360 1400 1440
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Moving "decaying-state"” pole

Y. Akaishi, Khin Swe Myint & T. Yamazaki, Proc. Jpn Acad. B 84 (2008) 264

-150 MeV  -100
| |

X7 single channel

Re E

0 50 100

Dispersion relation
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Cross section
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iy
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The PDG value of A(1405) | -

Mass 1406.5+4.0 MeV
Width 50 +2 MeV

Constraint :
a=-1.54+1i0.74 fm

R.H. Dalitz and A. Deloff, J. Phys. G 17 (1991) 289

47[ - - rz /4 — ﬂ. i r wu 1
Ot =—5 SIN?5, sin’dg = — Or = 5 at Eg s e ;
k (E-ER)"+I“/4 B
Er=1406 MeV Ez=1411 MeV Ez=1410 MeV
T I LI I T T 1 | T 1 T | M T 0 | T T 1T | T 1 1 L LI | T T T I 13 T r T 1T | I TF T '|' LI | T 17T | T T 1 i T T '| T T T I T 1
- . - -
] cin’s 5 =in"6 5 sin's i
B— [8) M-motrix — (b} K-matrix — (c) Separable potential o
i i K=m" I Repulsive ‘
L Xrn interaction i
= - - —
I 25 | 27 L I 32 16 I
41— — - —
| 1 i
2k — _ ; .
I Pole: 1405 - i 27 MeV | [ Pole: 1387 -i40MeV| | [ 4 Pole: 1526 - 159 Mev| |
i (-27) (-45) " (+94) ]
u r L | L i1 l [ | I [ L | Lol l i1 1 1 i 1 L i 1 | 1 1. l 1L L | | I | I 1 L F I | | I L1 1 I L1 1 | 1 i I i 1 1 1
13000, 100 A 0 Cal eI TN N TN R

Dalitz's strong preference!



Two-pole form of A(1405)

T. Hyodo and W. Weise, Phys. Rev. C 77 (2008) 035204
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Number of events

K-d _) Z-1T+n O. Braun et al.,
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Trajectories of Gamow poles

A. Cieply & A. Gal, arXiv:0809.0422v1 1st : 1450-69i
2nd : 1391-51i
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Trajectories of Gamow poles

Hyodo-Weise's two-channel model

Vig > f-Vyy
. ImE
Hyodo-Weise 1330 Mev 1350 1370 1390 1410 1430
(Cieply-Smejkal) L I I I I I I I I I I Re S12
Revai-Shevchenko (2) A
Long range b, \ _
9 /\ ; 1st pole
c E )
............ A_Y Ong'nal 8 g ! — 10 ]
— « = Shevchenko-Gal-Mares & = i '
Revai-Shevchenko (1) ®C i _|
Weak V,, 9 % ! )
> 9 !
20 ! X i
qc) .E I . - 14
y] E e
N a . -50
S5 | L
(7] S & _
o | e 18
(Akaishi-Myint-Yamazaki) ® Yo
22 1.0 2nd pole -
1.4 B}
1.8
22 -100 —
MeV

Weise/ChiralTm2.f
Wpole/TmatRevai3.f



Effect of Revai-Shevchenko's 2"d pole

Y7 single channel
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2=t invariant-mass spectrum

Revai - Shevchenko's two-pole case
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> invariant mass spectrum
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> invariant mass spectrum
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Low-momentum K-+D reaction

Resonant
QF

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

Stopped kaon does rXt provide
a good set up to learn
about A(1405).

Spectator process dominates!
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