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® Low-Enery KN Interactions: recent deelopments

=) Chiral SU(3) Dynamics and Coupled Channels
=) K -Nucleon Efctive Potentials

e Antikaon-Nuclear Quasibound States
=) Prototype SystemsK' pp and K ~“Nuclei

...thanks to: Akinobu DotZ and Tetsuo Hydo
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DEEPLY BOUND K-NUCLEAR ST ATES ?

e Strongly attr activ e low energy KN interaction

e ! (1405) asquasibound state embeded inT3 continuum
(R.Dalitz et al(1960¢))

e Chir al SU(3) Dyna mics with coupled channel®siegel et ainpa (1995))

e Deeply BoundK - NUCLEAR CLUSTERS ?

(Y.AkaishiT.Yamazaki (2002))
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prototype
example:

1.90 fm
rms distance

Recent theoetical deelopments

e RealistidKN effectiv e inter action from chiral SU(3) dynamics
T.Hyodo, W.W. PRC77 (2008) 03524

e Faddeev calculations e Variational calculations
N.V.Sherchenlo, et al. PRC76 (2007) 044004 T.Yamazakl¥.Akaishi PRC76 (2007) 045201
Y.lkedaT. Satg PRC76 (2007) 035203 A.DotZ,T.Hyodo, W.W. NPA804 (2008) 197
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1.

Framework:
Low-Ener gy QCD
with Str ange Qua rks

Chir al SU(3) Dyna mics




Sponta neously Br oken CHIRAL SYMMETR Y

® |ow-Energy QCD with N =3 MASSLESS QU ARKS
SU(3). ! SU(3)r

® NAMBU -GOLDSTONE BosoNs: !, K, K, "g

e ORDER PARAMETERS : DECAY CONST ANTS

ALy =1ty =924+ 0.3 MeV
axial 7T H | o
current""k""' fK —113.0+ 1.3 MeV
|

® SYMMETR Y BREAKING SCALE <«—> MASS GAP
A! = 4rft. | 1GeV
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SYMMETR Y BREAKING P ATTERN

PSEUDOSCAL AR MESO N SPECTR UM

mass 1.0 pa—
[GeV ] U(1)a 7 n
L 0.8 breaking ’
7o
- 0.6 n
. ....... /.;{ ........................................................
2 K KAO N
- 0.4 P mg! 130 M eV
- 0.2 / !
I PION
SUB)L xSUB)r / i--" mua! 5MeV
B O // -
T, K7 UL
. Mg =0
calculation:

e PCAC:

N ambu &Jonaiasinio model

with Nf= 3 quark Raors

SKlimt, M.Lutz, UMogl, W.W.:
Nucl.Phys. A 516 (1990) 429

mZf2=1mgy"@ #+ O(m?)
Gell-Mann - Qa&s - Renner Relation
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CHIRAL EFFECTIVE FIELD THEOR Y

Interacting systems asOLDST ONE BOSO NS (pionskaons)
coupled toBAR YONS

I—eff — Lmesons(! )+ LB(I ;" B)

Leading DERMMIVE couplings (Wlvingo*® )
determined entiely by spontaneouglbroken CHIRAL SYMMETR Y

*
* o A4
. . A4
* * A4
* * A4
LR *e
' + + ’ I L B BN ]
* *
& . * ¢
* . - *
* . - *
* o * *
RN o | | o | o
5 5 5 . 5 *

Low-Enery ExpansionCHIRAL PER TURB ATION THEOR Y

P energ/ / momentum
41 f, mass gaof order 1 GeV

Osmall parameterO:

works well for low-energy pion -pion andpion -nucleon interactions
..but NO T for systems withstr angeness S = -1 (KN, X, ...
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Low-Energy KN SY STEMS

® Chiral peturbation theory NO T applicable:
I (1405) resonance belo K p threshold

5'(1385) A (1405)

| ,\ l 15|oo

— 1 @
At 27

: >
|5 [MeV]
KN
° Non-perturbative Coupled-Cha nnels A ppr oach

based orChir al SU(3) Dyna mics

Dynamical generation of (1405) asquasi-bound KN (I = 0) state
( early history: R.H.Dalitz et al.;Plys.Rev. 153 (1967) 1617 )
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CHIRAL SU(3) D YN AMICS with
COUPLED CHANNEL S

N. KaiserP B.SiegelW.W., Nucl.Ptys. A 594 (1995) 325
...plus subsequentavk by mary groups (ARamos et al.M.Lutz and EKolomeitsey, D. Jido et al.)

Pseudoscala r meson octet (7'(', K, l@, 77)

[
+
£

Baryon octet  (p,Nn, A, X, E)

T,(0.p, 5)=Ki(p,p S +Z/ (g! ()‘4 Kin(p',0, 8)Gn(a S)Tai(@p S

Kernel K from
CHIRAL SU (3) EFFECTIVE MESOMRBYON LAGRANGIAN

W | = \/§— M
Example: K joz, = 2K =1 &+ 00 ¥
Xample K*p K*n f2 (p ) (at threshold: w = MK )

(Tomozava -Weinberq)
@ Technische Universitat Minchen TI-I."



&

CHIRAL SU(3) D YN AMICS : deta ils

I_{N(—) ! 2 I, !j
led-ch | @ consider ony leading Y L7
S pletmenzing W einber g-Tomo zawa N
. \‘
dynamics: term p T
e 2 channels: |1! =|KN,I=0! 2l ='! ,1 =0!
( 3 ! - 1 3 My + M, " )
Ki1 = 21:—2( s" MN) K12_2_f_2 > Vs — N2 !
K =
K21:!2f—i g(lIE,! MNJZFM!> K22:f_2(\/§_Ml )
\. /
— K22
e note : around KN threshold —== ~ 0.7

K11
—>» KN and! ¥ channels & of about equal impadance
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K ! D AMPLITUDE K p scatter ing length

from

B.Borasq, R.Nissler W.W. kaonic hydr ogen:

Plys.Rev. Lett. 94 (2005) 213401;Eut Phys.J.A25 (2005) 79

- . . ' e %a(K p) =-0.78 (* 0.18) +i 0.49 (£ 0.37) fm
K- P 7 (M.lwasaki et al.Plys.Rev. Lett. 78 (1997) 3067)

o o™

— Re F e S E
1.5 - ¢ A(1405)~ _ DEAR / Frascati:

¢ a(Kp) =-0.47 (£0.10) +i 0.30 (*0.17) fm
(G.Beer et al.,Phys.Rev. Lett. 94 (2005) 212302)

1.0
0.5

0.0 \{/
—0.5_ Re a(Kp_

. . T
136 138 140 142 Dl44

Vs  (GeV) ya f

' ¥* mass spectrum

CHIRAL SU(3) EFFECTIVE FIELD THEOR Y /
with /]

COUPLED CHANNEL S:
leading {V einberg® omozava) plusNL O terms

1320 1340 1360 1380 1400 1420 1440 71460

@ c.m. Energy (MeV)
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a1 ] (mb) oK'p! K'p| (mb)

oK' p!

RESULTS

Fitto SCATTERING D ATA
C HYDROGEN

with constraints fom KAO NI

e 60
150- \: I
R =
G
L . 40%
100 c
L o
I
50- o 20
L .é |
I 5 I
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I O
;e E Wlth = e
200} \
i ‘ ~— 60+ |
150} ¥ }\ A
| - - \ 1
i Tk 40F ]
100 Py
L —_ NN LT Ep
i o M N P .
L = | WmTmme—— —A
o O 5 [ R
L 1 1 1 1 1 1 1 1 == 1 1 1 1 - 1 ] 1 1 1 il 1 1 1 1 1 1 1 1 1 1 1 1 1
50 100 150 200 250 50 100 150 200 25C

incident K~ lab momentum (MeV/c)

B.Borasqg, R.Nisslet W.W.: Eur Plys.J.A25 (2005) 79
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I (eV)

RESULTS (contd.)

jzo | including

| - . . constraints fom

L WT DEAR data

~ DEAR DOlg

400~ u )

3001 Kp SCATTERING LENGTH

o KEK ax -p = (! 0.57 4+10.56)fm

150 200 250 300 350 400
" B (eV)

Threshold branching ratios WT full exp.
K Pt 235 238  2.36+0.04
l(K'p—-7t ")

_ K potit L) 064 063 0.66+0.01
I (K- p — all inelastic channels)
! 0
e mh) 021 018 0.19+0.02

B.Borasqg, R.Nisslef W.W. :

I'(K' p! neutral states)

Eut Plys.J.A25 (2005) 79
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pl\/§ "K! p" 1o+ (mb Gev2>

K!
cm

4lq

&

CONSTRAINTS
SUBTHRESHOLD EXTRAPOL

for

B.Borasq, R.Nisslet W.W.: Eur Ptys.J.A25 (2005) 79

140
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20}
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§UK!p" P+ !

I
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K!
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4lq

(GeV)
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without

ATIO NS
10 i ‘ J— I
P 1!
K p! L
80 Y,
601 ,
/
/
/
40+ Y
/ |
/ ’ ‘i‘. B
O'wi‘.vss‘ 138 140 142 144 146

(GeV)

Kaonic Hydogen (DEAR) constraints

Sensitivity ofr X mass spectrum tK ' p threshold conditions

...looking brward to SIDDHARA
=» need accuraterX mass distributions

...In order to hase reasonable @mdictive power for subthreshold extrgolations
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RESULTS (contd.)

B.Borasg, U.-G.MeissnemR.Nissler Phys.Rev. C74 (2006) 055201

incident K' lab. momentum (MeV/ c)

oK' p! Kn] (mb)

o[K'p! 7! *](mb)

o[K'p! 791 (mb)

20

60—

40

P S S S S M S S S
50 100 150 200 250

incident K' lab. momentum (MeV/ c)

" (eV)

Detailed analsis of uncetainties: scatter ing data andkaonic hydr ogen
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Technische Universitat Minchen m



2.

Constr ucting
5 the
KN Ef fectiv e Inter action
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Antikaon-Nucleon Effectiv e Potential
from Chir al SU(3) Dyna mics

T.Hyodo, W.W.: Plys.Res. C 77 (2008) 03524

® Aim: construct realistic K p and K n pseudo-potentials
for use in K-nuclear éw-body computations
® Debnition: for 2 channelsll! — |KN I=0! |20 =|I! ,| =0!
/>\
Vi VI GVl

\&\ /( — \\ // + \\ //’*\\ // + \\ //h\ /”\\ //
%e! Ki1 Ki2 G2 Kz
Vll

VST = K11+ K12Ga(Kag+ Kag GoKog + ..) G Koy
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| =0 Effectiv e Inter action

with Weinberg-dmozava terms as input
T.Hyodo, W.W.: Phlys.Rev. C 77 (2008) 03524

1. BN .t 1+ PR U 2 JER U UNY 2 2 o1
AL ¥ = RN // + BN /TT\\ // + BN ;7 ”‘\\ //
N . \‘ - " . N

Ve (BN I' BN) is:

® complex ® ener gy de pendent ® non-| ocal
| ' | ' | ' | L5 | ' | ' | ' |
52 n PNl
41~ KN(I=0) s - Lol I'" (I=0) ”0 “\ _
& )
‘0
‘-E, qg 0.5 ""
¥ - v’
[ U: OO I — Deveereererereeesesessnsnssnssssrssssssnsererrerees Mheeensnsnsnnne@@ersenen ]
5L — ReF,2ch B _0'5_——-ImF, 2ch
=== Re F, full == ImF, full
| 1 ] 1 ] 1 ] _10 | 1 ] 1
1320 1360 1400 1440 1320 1360 1400 1440
I's [MeV] 1420 I's [MeV]

-» note dif fer ence in pole positions and spectra 8N and! !
-» equivalentocal WN potential must produce quasibound state at
@ 1420 (not 1405) MeV Tm



The TWO POLES scenario
Singularities cKN amplitude 20— . .
In the complex energ plane oo _21_(l_<l_\l_0_nl_y2 ______ 1
e starting point 20} 2 -
 — < N r
(no channel coupling) g a0l bound state - |
~ 60 —
Pole 1 E ool 'l resonance  _
(dominanty KN ) 100L 4+ i
z, (! " lonly) | |
0r— | | TR 12050 1380 1400 1420 1440
Zl(OR_B_) fl( ) Re z [MeV]
20 k- B (\xxx:, _
_ z,(BMN) ~ 7;(BNW) _
> 40l 2,(BNW) . _| <= channel coupling atavk
=) & i
N 1 l, ' —_
g OF N — ; Pole 1l
Z,(HNJH) BMN)
-100 | | | | )
1360 1380 1400 1420 1440
Re z [MeV]

&8
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Equivalent Local P otential

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

® Efectie BN interaction—» equiv local pseudopotential
l r? /b2
© (b ~ 0.5fm)

U(r,E)=f(E)g(r) with ansatz g(r) = 13/2p3
so that Schrsdinger egmith U(r,E) eproduces full coupled-channels amplitude
® non -local ef fectiv e inter action implies

gy de pendence in equiviocal potential

additional ener

== (?+(567896:
- - -(?+(57;<=<>96:

F==7 . . |
-1H## -lf

— (42(567896:
—(42(57;<=<>96:
] ] ] ] I ] #A#-'
-'H# -1#
10()123,
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(y +,-

Chir al Dyna mics
VS.

Aka ishi-Yamaza ki phenomenol

ogy

Substantial défences insubthr eshold extrapolations

Chir al dyna mics predicts signibcantiveaker attr action
than AY in farsubthieshold egion

;

gfromAY phenomenological poten

!B" I 1

I ' I I ' I
—— +53+67839: . .
—+53+6,8<7Z // \\ @A —

—_—

-
-
- =

IIB#_

"BH

(g +-/

|
- --+@.+67839:
== +@.+6:8<=b7: ©

Y
—_
o
bl

IIB()/
|'B&- / .® 1
B"F - 1 =-=" ] | ] |
196%0" 10&" 10$" 196" 196%0"
V1+,234/

from chiral SU(3) dynam@s
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3.

The Pr ototype
Kaon -Nuclea r System

Nucleon
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Kpp System : improved variational calculation

. now including: A.DotZ,T.Hyodo, W.W. NPA804 (2008) 197
NN corr elation f unction andQr ojection befor e variation O

H = T|\|1 + TN2 +VN|\| + TK +VIQN . +VIQN2 ' Tc.m.
e wave function:

! =1 (P, P,k )ISun = OF[I(NN )= 1 172757 !

Gaussian wa paclets

| (F1,F2,Tk) = F(F1,¥2) G(F1)G(F2) G(rk)Y Hikx k)

3500

[MeV]

3000 ™

® NN correlation function:

2500

2000

F(rl’rz): 1500
11 Y faexpl! !a(kr! F2)?]

500




® [nput:

Results : Variational Calculations

A.DotZ T.Hyodo, W.W.: Nucl.Ptys A 804 (2008) 197

realistic NN inter
WN effectiv e inter action from Chir al SU (3) Dyna mics

action

(Argonne v18)

e K' pp binding ener gy andwidth using a variety of chiral models

Width [MeV]

80

70 1

60 1

50 1

40 +

30 1

20

—————————

H
<&

—————————

10

15

20
Total B. E. [MeV]

25

30

® Result: weak binding

B(K pp)=19+3MeV
l =40 —-70M eV

...additional incease of width
by NN — YN absorption
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Density Distributions in theék ' pp Quasibound State

0.50

0.40

| b (1) [fm™]

Nucleon
Antikaon

one-body
densities

A.DotZ T.Hyodo, W.W.: Nucl.PtysA 804 (2008) 197

1.5
r [fm]

05 10

density! nn(r12)
inK' pp

as compaed

to deuteron

...not a \ery dense system

- ] ‘&%
/ ™,
| . ) el

ORB
HNJH ——
BNW
BMN
Deuteron

T2 [fm]

3 4 5
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Kpp System :
Coupled-Channels Fddev Approach

N.V. Sherchenlo, JMares, A. Gal; PRL 98 (2007) 082301  N.V.Shechenlo, et al. PRC76 (2007) 044004
Y.lkedaT.Satg PRC76 (2007) 035203

o Separable approximation br (s-wae) two-body potentials
K p! K p K'p! ! NN, !N

e Constrained y measued cross sections and scattering lengths

R T T S T

S
i \
20 | s !
. 1
..' |
1
1
1
1

A= E L;

1340 1360 1380 1400 1420 1440 1460 1480 1500

® Result: Vs Mev]
bindingener gy B! 55" 70 MeV
decay width I'' 95" 110 MeV

-» effect of separable@roximation on subtheshold behaour ?

@ Technische Universitat Minchen TI-I."



4.

Antikaon Bound States
N
Heavier Finite Nuclel
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Antikaon Bound States In Finite Nucler ?

R.HStle, W.W.: Nucl.PtysA 804 (2008) 173

Sole Klein -Gor don equation

2, 0"2u 2 . e

12 4 | mZ" 1 (1;%) #x(t)=0
with kaon self -ener gy:

) = TR ) TR ) #alh)
}OT! C

—|—CK'_p (1)1 #Ho ('f)!" 4 CE‘ Wave(! )I" # (T’)!"

-n

+ ! corr("p’ "n) + 0! aps(w; ,Opa,On) + 0! couI(WS pp)
corr elations a bsor ption Coul omb

Woods-Saxon distribution®f !, () and ! »(T)

Seach r bound state  solutions w = Re w — %I‘
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" Bk [MeV]

" 40
" 50
" 60
"70
" 80
" 90
" 100
" 110

Finite Nuclei:example 160

R.HStle, W.W.: Nucl.PlysA 804 (2008) 173

—k. I I I 1
= ~\'\~ 160 i
I ] @ includingshor t-r ange
" R ] andPauli correlations
- \'\_ - - &
T - WN — !'Y decay cha nnels
-—— # Paulicorr. .
| --- # short rangecorr. i
0.1 0.15 0.2" 0.25 0.3
! 0 [fm 3] 100 T T T I g |
90 — I -~ - -
- T —
80 e $ Pauli corr. — |
: sl (V) S N hort" R
®NN'! YN absorption: > 0" $ short” range corr
S o0l v o~ - $ two" body abs. — -
further incr ease of width L S ]
40 - .
16
ob 0 ]
0.1 0.15 0.2 0.25 0.3
Lo [fm ]
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Heavy Nuclei: example?°®P b
R.HSttle,W.W.: Nucl.PtysA 804 (2008) 173

Q iIncludingshor t-r ange
i andPauli correlations

&

WN — 'Y decay cha nnels

Tp —|

+ Pauli corr.
+ short—range corr. —- -
+ two—body abs. — -

® o
® -,

s. T —
N # Paulicorr.
# short' rangecorr. - - -
i 208Pb ]
0.1 0.15 0.2 0.25 0.3
I o 1fm 3" 60 |
m-___,,/”
WNN ! YN absorption: S 40 N
s |
further incr ease of width C30 |
20 |
208Pb
0.1 0.15

|
0.2

1
0.25
po fm™"
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| I I
0 = D
) (@) @)

—Bg [MeV]
|
S b
o ()

-110

-120

Antikaon

- Nuclea r Quasibound States

I Tp _ R.HSttle, W.W.

i + Pauli corr. Nucl.PhysA 804 (2008) 173

I + short—range corr. —- - |

: : Systematics

i l as function

i | of nuclear massumberA

Sb 160 1%0 260
. . A | 1 T T

ninding w0 TS —
[\ " Paulicorr. — ]

enery/ - \\ " shorttrangecorr. — - - |

N\ " two#bodyabs.— -

S 60| S~ |

o W T ——

= |\ @ @ @ @ T —m———

— 50 | =
decy 4o} _
width 54| ]

éO 160 1%0 260



RelatedNork

o K - nuclear bound states in a dynamical model
JMares, E.FriedmanA. Gal, Nucl Plys. A 770 (2006) 84

200 1 I 1 I
150
Ik [MeV] | =

100

50

| |
0 100 200

Bk [MeV]

® ...qualitatiely similar conclusionseached
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Concluding R emarks

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

High -pr ecision data
(kaonic hydrogen, deuterium and helium, low-energy K N scattering,
'l mass spectra,.) crucialdr setting constraints on theor

SubthesholdK N ef fectiv e inter action derived from
Chiral SU(3) Dynamicsttr activ e ... but ...

...calculatedquasibound K pp state ~ weakly bound,
large width, strong sensitivity toK N subthr eshold details

Important:
better understanding adintikaon -nuclea r absor ption needed
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