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Antikaon -Nuclea r Inter actions |

WolframWeise m
Technische Universitat Minchen

@ Brief Histoly:
Antikaons in Matter Kaon Condensation and all that

e Low-Enery QCD with Strange Quarks

» Chiral SU(3) Dynamics and Coupled Channels
» ¥ -Nucleon Eftctive Interaction

e Antikaon-Nuclear Quasibound States ?
B Prototype SystemsK' pp and K' Nu clei
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Brief History, Pat |

Kaons a nd Antikaons in Nuclea r Matter

In-medium Chiral SU(3) Dynamiesth Coupled Channels

Kaon spectr um in matter determined ly:

1292 -mz —! x(!, ;=0

Pauli b locking,

L = 21Uy =1 4" fo o #p + f n#0 + ... + Fermi motion,

Symmetric Nuclear Matter

0/ Po

2N corr elations

T.Waas,N. Kaiser W.W.:
Phys.Lett.B 379 (1996) 34

T.WaasW.W.:
Nucl.Phys. A 625 (1997) 287

Note: In-medium K width dops when mass falls beld X threshold
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Brief History, Pat |
Kaon Condensation in Neutr on Matter

@ brst suggestedyD. Kgplan,A. Nelson (1985) on the basis of
attr activ e KN W einber g-Tomo zawa term

e at high densitenergeticall fasourable to condense K

bep 7 T T.WaasM.Rhq W.W. :
Nucl.Plys. A 617 (1997) 449

i electr on
] chemical potential

: w corr e@
0.2}

- i in-medium
0 2 4 6

0/P
e conversion to hypemonsviak' NN | YN ?
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Brief History, Pat Il
Dee ply Bound Antikaon  -Nuclea r Cluster s ?

Y.AkaishiT.YamazakiPlys.Rev. C65 (2002) 044005

Calculationof deepy boundK™ppn system _
using phenomenological KN and NN potentials

100 k Core polarization
'~~.,{ECOF9(r) due to shrinkage

(AEcore) 1.." 2 3 1 [fm]
0 LTS PPV -
83k s [ Without shrinkage ]
-100
1o fi— Relativistic effect
-200
211

Y.Akaishi,A. DotZ, T.Yamazaki,

3001 Phys.Lett. B613 (2005) 140

-400

[ With shrinkage ]

-500 [ Bare KN int. without enhancement

Bare KN int. with enhancement by 15%
(Effective KN int. with enhancement by 8%)

-600 [
mevil . .too simple but has motivated a gat amount of ecent activities
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1.

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

Chir al SU (3) Dyna mics

Non-perturbative (coupled-channelspproach to
antikaon -nucleon inter action

Important constraints:
» KN threshold pgsics B !! mass spectra

Nature and poperties of ! (1405) as
WN quasibound state embddd in the! ! continuum
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CHIRAL SU (3) EFFECTIVE FIELD THEOR Y

Interacting systems oN AMB U-GOLDST ONE BOSO NS
(pions ,kaons ) coupled toBAR YONS

Leff = Lmesons(! )+ Le(!," B)

LeadingDERIV ATIVE couplings (imolving ! H1 )
determined ly spontaneousglbroken CHIRAL SYMMETR Y

higher oders
RS + ) + K T o with additional
TGN | B | B low-energ/ constants

Low-Enery ExpansionCHIRAL PER TURB ATIO N THEOR Y
P energ/ / momentum

P

41 f, 1 GeV
works well for low-energy pion -pion andpion -nucleon interactions

Osmall parameterO:

B ...butNOT for systems withstr angeness S=1 1 (BN, !! )J
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Low-Energy KN Inter actions |

@ Chiral RerturbationTheory NO T applicable:! (1405) just belav K'p threshold

= (1385) A (1405) " Non-perturbative )
\ l 1500 Coupled Channels
| oo | . approach based on
o |3 M eV _Chir al SU (3) Dyna mics
Ar 2z KN N. Kaiser P SiegelW.W. (1995)
E.Oset, A.Ramos (1998)
5ol K! p scatterin g arﬁplilthude ] I''1 * mass spectrum
thr
i U | l—rr\
1.5 Re F / SN . 71
| A(1405), A X

//_ |
1
I1

In Mass Spectrum

0.0
_0.5* \@K _p) I;\ iZ _‘i_.__l

. . . | . \ ] L L L 1 ! ] 1 |
1.36 1.38 1.40 1.42 1.44 1320 1340 1360 1380 1400 1420 1440 1460

@ Vs (GeV) c.m. Energy (MeV)
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CHIRAL SU (3) COUPLED CHANNEL S DYN AMICS

Ti5= Ky + | KinGn T nj

@ |eading s-wa | = 0 meson-baon interactions(Weinberg-®mozava)

R, N . ! strong enough to prduce
chi: ™ ch2: ™
g \ e ' B KN bound state

3 1 51 > ! ! resonance
Kllzﬁ( s" My) K22:f—2( s" M, ) >
', |
@ Channel couplin 1 3 M M,
p g . K12 _ —2 § \/g_ N _|_ !
121 21: 2t 2 2
19 - N

@ Dynamical generation ¢f(1405) as quasi -bound KN (I = 0) state
early history: R.H.Dalitz et al(1967)
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Im z [MeV]

The TWO POLES scenario

D.Jido et alNucl.Ptys. A725 (2003) 181

@ Singularities ofN amplitude
In the complex energ plane

N|._
1 1
i N
o (@) o

o
S

starting point:
no cha nnel coupling

>

T.Hyodo, W.W., Plys.Rev.C77 (2008) 03524

Pole 1
(dominanty N )

| | z,(0 |'l\)_B’

— X
2,(BMN) ~~

1
U

2,(HNJH)
| | | |

1360 1380 1400 1420
Re z [MeV]

2 INonly)
Z: ( only) .--..
Ob---------- R 4 X - -
20k _ A i
> KN bound state
v 40| -
=
N  -60 —
E ol 'l resonance |
-100 | S _
z, (! "lonly) ™~
120 = : l l
1360 1380 1400 1420 1440
Re z [MeV]

<4 channel coupling atwork

Pole 1l

(dominanty ! | )
S — / | KN

.

‘]
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The TWO POLES

scenario (contd.)

@ KN and!! amplitudes: T.Hyodo, W.W.: Ptys.Rev.C77 (2008) 03524

| | ! | ! | 1.5
4+ KN(I=0) o 10
= 2r T 05

= p— ~
Uié (] Er— RN T W ] LI-: O O
| == ReF 0.5
] 1 1 10

1320 1360 1400 1440

51/2 [MeV] 1420

" (1=0

1320

52 [MeV]

1360 1400

1440

B Note dif fer ence in pole positions and spectra 8N and! !

B EquivalentKN effectiv e inter action should poduce

&8

D.Jido et al, NPA725 (2003) 263

guasibound state ai420 MeV (ot 1405 MeV)
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| =0 KN Ef fectiv e Inter action |

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

KN KN
(I PEE T N JER T ONY 2 P N 2 2 L1
o” = N A+ N AT A+ N T o

‘»@_» —— e R ~
Ve (KN! KN)
Ve (KN! KN) is:
@ complex @ ener gy de pendent @ non-l ocal
4 N K . , ,
AY | —s3te7E30 - !
phenom \&‘ —+53+6,8<=>7: /1 @A . .
potential T I ‘ i large diférences
N J o= T el in
) © jy et subthr eshold
| " .
extrapolations
SU(3) ﬂ- - - -+@.+6783 J
dynamics % 7" Y@< N
~ J 0&" 108" %™ 196%"
I 1+,234/

@ Chir al dyna mics predicts signibcagtlweaker attr action than
AY (localenergs independent) potential ifar -subthr eshold region

Technische Universitat Minchen

TLUT



2.

Results
Constr aints
Extr apolations

e Kaonic lydrogen and antikaonttleon scattering length

e |Low-energy antikaon-ncleon scattering

e Subtheshold extrgolations
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width " (eV)

KN Thr eshold Physics '

@ Precision meas@ments of kaonic hydr ogen:
= _———— " ~_| fromDEAR to SIDDHAR TA

800+ : :
@ Important constraints

for
Chir al SU (3) Dyna mics

600-

400

B.Borasy et al.
EurPhys.J.A25 (2005) 79

200—_ Phys.Rev. C74 (2006) 055201
DEAR &\/

— DeserTrueman brmula
400 + corrections (Rusetsky et al.)

100 200 300
energ shift ! E (eV)

scatter ing length
a(K’p) (DEAR/LNF ) a(K’p) (KEK)
- 0.47 (+0.10) +i 0.30 ( 0.17) [fm] -0.78 (+0.18) +i 0.49 (% 0.37) [fm]

(G.Beer et al.,Plys.Rev. Lett. 94 (2005) 212302)

(M.Iwasaki et al.Ptys.Rev. Lett. 78 (1997) 3067)
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pl'

K !

(mb GeV?)

§O'K!p" P+

cm

4|q

CONSTRAINTS
SUBTHRESHOLD EXTRAPOL

for

ATIO NS

B.Borasg, R.Nissler W.W.:

140
120
100
80l
60|
a0l
20,
0136 1.38 L.40 142
s (GeV)
------- with
without

EurPhys.J.A25 (2005) 79

&-\ 10 I T I +‘ I
o K p! 71
O /
o 80 /
- /
~— /
/
n 60 //
+ /
- /
o 40 / ‘
e / ¢
o} // E.
_.lm 201 /// kb'!‘i‘s;lll‘:‘g‘s
&_ i . *‘“‘ L.~ b
_kc'g of'f'i"'”- \ L N % \ a
— 1.36 1.38 l.|40 1.42 1.44 1.46
s (GeV)

kaonic lydrogen (DEAR) constraints

e Sensitivity of X mass spectrum tK ' p threshold conditions

looking brward to SIDDHAR TA data
need accuratd X2 mass distributions

...In order to hase reasonable @mdictive power for subthreshold extrgolations

&

>
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| 3 MASS SPECTRA |

@ NewANKEdata:pp —pK * {! OWO} prys.Llé?;ggBe(tzglcSS) 167

\ , ...in.comparison with theoy: PP !
s K (P plp) 1o 1o, ’
\ V4 / 10
\ ’ A 4
Y | | G ) )\ 4
\ ’ Chiral SU(3) S.GengE.Oset RN
Nokae [ coupled channel Eur Plys.JA34 (2007) 405 - -
S VAN () N &(1710)
@ = = = = =
1 1 0.10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
p(py) p(p2) | o | | | p(p1) p(p2)
0.08 === N>l< set | _
~ ? 1 N set I
L i \ —e— Data )
2 006 |- VIl s
g 1
[i— B / A T
*0.04 / 4 -
E% i / \ i
T 002 | {} ! -
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| 3 MASS SPECTRA (contd.) |

@ Kaonic poduction of! (1405) from deuterium

K* (k)

d (Pa)

Two-
Pole
scenario

N 1(1408) -~

y

do/dM_s [arbitrary unit]

' (pr)
" (p)

n (pn)

———— : —
C ooy L
: //
L A
[ N VAN

1360 1380 1400 1420 1440

M. [MeV]

1360

1380

1400
M_5 [MeV]

1420

1440

D.Jidg E.Oset,T. Sekihara
arXiv 0904.3410 [acl-th]

exp. data:
O.Braun et al.
Nucl.Ptys.B129 (1977) 1
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Pr ototype
Antikaon -Nuclea r

Few-Body System :KTpp

P P Nucleon
K
e 3-Body (Faddeev ) . |
Calculations @ Variational Calculations

@ Limited pr edictiv e power in both gproaches
(subthieshold / off shell extjaolations, necessay goproximations,...)

@ Technische Universitat Minchen m



OVERVIEW |

® Binding energies and widths of quasibouf [NN Jr=1}1-1/2

&

— T )
g varlatlonaI\ variational

-

AY chiral 3-body

phenomenol. SU(3)
potential dynamics
J U Y,

\_

coupled channels coupled channelg
separable potentials phenominput

N\ N
variational

/. J

ATMS[1] AMD [2] Faddeev [3] Faddeev [4] variational [5]

B 43 17893 310,910
! 61 40P/0 90B110

60ED5 40£80
45880 40E85

1. T. Yamazaki, Y. Akaishi, PLB 535 (2002) 70

(compilation:Avraham Gal)

2. A. Dote, T. Hyodo, W. Weise, NPA 804 (2008) 197, PRC 79 (2009) 014003
3. N.V. Shevchenko, A. Gal, J. Mareg, PRL 98 (2007) 082301

4. Y. lkeda, T. Sato, PRC 76 (2007) 035203, PRC 79 (2009) 035201

5. S. Wycech, A.M. Green, PRC 79 (2009) 014001 (including p waves)

e note: width includes oy NN ! !

I N,not NN ! YN



Results : Variational Calculations
A.DotZ,T.Hyodo, W.W.: Nucl.PhysA 804 (2008) 197 Plys.Rev.C 79 (2009) 014003
@ Input: realistic NN inter action  (Argonne v18)
KN effectiv e inter action from Chir al SU (3) Dyna mics

e K' pp binding ener gy andwidth using a variety ofhir al models

80 .

ol ;o A" | @ Result: weak binding
X . B(K pp) =19+ 3MeV
= S TR l = 40! 70M eV
< '® :
= 40 . , ' @ but: UNN ! I'I' N

30 | - 3-body dynamics incomplete

20 : ' '

10 15 20 25 30 @ adlitional incease of width
Total B. E. [MeV] by NN — YN absor ption

N N N N N Y

Rt Erp K 1l ps! 10 M eV )

N ——b—— Y N ———— Y N —»——— N

7/ 7/ Ve
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Kpp System :
Coupled-Channels Fddev Approach

N.V. Sherchenlo, JMares, A. Gal, PRL 98 (2007) 082301 Y.lkeda].Satq PRC 76 (2007) 035203
N.V.Sherchenlo, et al., PRC 76 (2007) 044004 Y.lkedaT.Satq PRC 79 (2009) 035201
@ Separable approximation br (s-wase) two-body potentials
K p! K™p K p! 7% NN, !' N

@ Constrained iy measued cross sections and scattering lengths

spectator
dynamics
s Important )
® Results: g, g+ 70Mev B! 60" 95M eV
' ~90—110MeV 1 1 45" 80M eV
(Sherchenlo et al.) (Ikeda & Sato)

» effect of separable@proximation on subtheshold behaour ?
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Kpp System :

Coupled-Channels Fddev Approach (contd.)

@ Importance of full3-body coupled-channels dynamics
P
A Y.lkedaT.Satg PRC 79 (2009) 035201
éi'i !
il il t! " (W) = Vi » —+ Vi ’#GgN (W)t#, (W)
#

| 1
GgN (W) = o
W! En(By)!  (Ewm, (8 +Eg, ()2 + 8+
@ ...tends to incease binding as comgal to variational pproaches
(with effective single-channel interactions)
@ but:

separable gproximation and stong cutoff (off-shell) dependence
In extrgpolations to farsubthieshold egion
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4.

Antikaon -Nuclea r Systems

@ mostly theoretical excursions to
heavier antikaon-oclear systems

» Klein-Gomon egncalculations using
chiral SU(3) interaction plus NN coelations

B Improved calculation oNN ! YN width

B Relativistic mean-pelgproach to multi-K-nuclear systems
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Ne ws fr om Kaonic Atoms

@ Precision meas@ment ofkaonic “He (3d->2p)

20
| S.Okada et al.
. PLB653 (2007) 387 =~ =7 " "+
0 I ¥ .
i | This work, ]
S T -
Q, 20 m
energ shift o
i o P
< -40 ® | i Old Average
C BT79 | ‘ *******************************************
60 - .
i BR83
_go L WGT71
B rules outOsuper sbingO kaonclear interaction
B> consistent with systematics of kaonic atoms gsial

E.FriedmanA. Gal: Plys.Rept.452 (2007) 89
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Antikaon

- Nuclea r Quasibound States

- 2 ! 2 11} 2 111 11} 11
1241 mg " II(!;T) #c(t)=0
. . ' 60 F ! T T | —
binding ener gy T# —
1 70 | " Paulicorr. —
. 1 80l " short rangecorr.—- - |
Systematics 2 100} i
as function of & 1 100| ]
nuclea r mass number 1100 ]
1 120 | i
5IO 1(I)O 1I50 2(I)0
. : , A
Tp —
80 [\ + Paulicorr. — |
70 L \\ + short-rangecorr. — - - |
N + two—bodyabs.— -
> 60 | S~ i :
SN\ TTee— e decay width
~ 50| .
40 -
R.HSitle, W.W.
30T . Nucl.Plys A 804 (2008) 173
5IO 1I50 2(I)O
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Antikaon Absor ption on Nucleon P airs

T. SekiharaD. JidqY.Kahada-Eney  Plys.Rev. C79 (2009) 062201

Basic pocess: K'NN! ! (1405 N! Y N

X
x|
\ &7

Result:
non-mesonic degawidth

I("'N! YN)" 22|\/|eV)

at normal nuclear matter density
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Multi K' -Nuclea r Systems

D.Gazda,E.FriedmanA. Gal, JMares Plys.Rev. C77 (2008) 045206 & arXi®906.5344 [aocl-th]
Relativistic mean-beld model fantikaonsnucleons and ypermons

12—
@ Repulsion 110
between
antikaons 108~

@ Saturation

“%op +$# +1K
Of 104
antikaon M
. . T, f v--v 50
binding w02/ o |
energy
//I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
100i 5 10 15 20

@ . .prevents kaon condensation in this scenario
(— see talk y IMares)
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Summa ry & Conclusions

Low-energy QCD with strange quarkse>» Chir al SU (3) Dyna mics)

Strongl attr activ e | = 0 antikaon-acleon interaction—>
coupled channels (twpoles)dynamicajyl generated (1405)

Extrgoolations tofar -subthr eshold region uncetain —
» high-pecision®N thr eshold data J

» much impoved!! mass spectr a

constraints needed:

WNN quasibound system?
all calculations (Fdeev, variational) g binding

B ~20—80|\/|ev) ... but large width 11 40" 1OOI\/IeV)

Stronger binding in heg@er nuclei expectedyut still large widths
K'NN! ! (1405 N! Y N

Answers in sight? B  SIDDHARA, J-RRC, AMADEUSGSI
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