“Hadrons in Nuclei” DFEED

Kt B (EBRMEBFHER)

# Introduction

s KN HEEMAE K&

s BN, HF

s WRR7—)TEIZKDEBEKEDOIYREL
s FEH

QS
> # GCOE LRI 1L, 2009/02/16-18



FEJFREDEIASEFELS (1)

s hRFDOKE
@ ZAZEEN

Yukawa, Rijken, K Sasaki, ....
@ WMZIHMEDBRMBENOTO—T

Hatsuda, Kunihiro, Weise,

* MEOEBRER
Migdal, Kaplan-Nelson,

Hirenzaki, Toki, Muto, Dote, Y. Ikeda, ....

Jido, Itahashi, ...

150

100 ¢

- \_'
_""-.,__ *
PRT OSiNTI042 501
i TERIRT LTS TR LY
i i i

¢ (1020)

Cu
By <1.25

1.0 1.1 1l.2
[GeV]

1o _.'F_.tien LINEHI} I
PR Pt
-
10? 3
.3 L
10 ——t——+——
100 | NY(Att)epn
N[ LT T e————
10 .

Neutron Star Matter

0 02040608 1 1.21.4
P (fm3)

GCOE LRI 1L, 2009/02/16-18



FEJFEDEIEASEFELS (2)

s PEFEIZFLEESLTHIRENED
A(1405) ~K" N

S C = -
--"__- -.._f'.- - --"_‘- __.".-'-l. ‘._f.- =,

—— L -

s MEFIXZEANTHRTES
(IRIILEXF—DEVRREBEES)
K" N — Y*, Y* N — YN (or K" NN — YN)
7N — A,AN — NN (or tNN — NN)

s Weinberg-Tomozawa tHE{EFF
'TT/VV)bb‘I*)b#—Lﬁk#'d'é (cf. Chiral Unitary model)
s : . | E; + M, ,E + M,
(2/3 — M; — M )2/ — [ — -
y TV o2M; | 2M;

V; i 15} =

~3r
— Non Rel. DZERBIEICSERT L. AIOREBMNEIRZLZEL
s BRTORIMVHBIFOEEZL —» BEOELEDRXFIAEHE

RMICHLELVOEE > HEERAORBNEER o, K HhoDMHb

GCOE LRI 1L, 2009/02/16-18 3




s K"'N #HE{ER

“Hadrons in Nuclei” Session

@ Chiral Dynamics (££8 ) . Meson Exchange ({£EQ K )

s K N ZD#EE
@ Chiral Dynamics 5 H1F1- Single Channel Potential ( EBE)
@ Couple Channel Fadeev (#1H )

8 K N ZEBARIRL
o FERIRINFT—R—ILOEE (/Mith)
@ Conversion DEE (L)

s K ZRREZROTRK (HhKE)

s a1, EhofhbHhrdh?

& 7T

PRFRFEDMTILRFE. N(1535) &% (FEE)

o ZNHMEF5 KR (IRHR)

s A
-\\"0‘1

e}

ERRT— )T EIZ KD B AREELR B O HR KL (BH)

GCOE LRI 1L, 2009/02/16-18



FSRESN= K PREFEZ

L

H = =
MVt [k pp |

nuci
-

U e

1 2 r {im]

o

24T

Y
4

2000

=300

-4 00

EF:. = - 10 el
" =20 MaV

Yamazaki, Akaishi, 2002

GCOE LRI 1L, 2009/02/16-18

5



Kbar $ZEBRDELD ( HAE)

# Stopped K: FINUDA, KEK-E549

# In-Flight K: BNL-E930, KEK-E548

s BEELE-REBIEIRMAMOTLEL,

s BARSADEANERTIE 4 & (K*"NNN) OFEDFHBEMLSLLY?

PRL 94 212303 (2005
By, MaV]
T T T S T i -.
I S0 100 B0 @ " H =
e £ | E os I =
—~ | | | ™ i 5 L I .
"E a0 £ | 4 e L 1
§ y = | 1'|!| . .- I!‘ _
2 1 ' t 3 o b Tl = e e
| — 1 4 1Ll il i1l
ﬁ 1 S s e e oy = . I' cash |
ﬁm 93 295 234 235 2.4 S oz Y Pl [ wpeo _
] 000, BI00. 5200, 3300 3400, I60D.  E500
| i M ) g
% 5F iE Is EiE Ea sanIs m,, (Mey /o)
pfl imeariant mass [GeVic]
*\?QS ~ o8
GCOE ik L, 2009/02/16-18 6



KEK E5493E& (AN#E2) T Suzuld

r

4 e rane mas M

v "KharbN"FIEE 5 X F B =" KbarNNN"EY EE 41(3140 MeVich) THH AN

v iR AP I ZEL T KbarNN"RBR A AER TH S,

v IEMORTESFSI(IESRTE RO SL )00 =] BETE 7 -=-( B AT &L T R G Bl o < iR EA BB
HERAHNEETLN),. E2EBTSHIZEENTFr 2 LOHNENESE.



K* N tH& EFH

s THEEIR B /P
o (EESIEMR TIX Tomozawa-Weinberg NEE , /
@ A(1405) [X Kbar N OFRBREREFHEE \
@ A(1405) - X DE—IHNHEIERSFro 2RI B "\ p
(nX,aX,n X [, Kp K n) [CI&FIT B,
s Kbar N #HEFROERE Yur( Pt pi)
@ Akaishi-Yamazaki potential: 580\5], E-indep. . single pole
@ Chiral ,Unitary: Kbar N Tl&X AY KYSLV5|AH, double pole
A(1420) ~K"*" N=A ,A(1405) ~t X = A,
@ Chiral Unitary + Bethe-Salpeter — Single Channel Local Pot. ( £ )
@ Meson Exchange ({£2Q K& ):
Vector meson exch. — Non.-Local E-dep. pot, Local E-indep. Pot.
@ TW, TW — E-indep., TW — E-dep.(#1H)

Single pole (TW, E-indep.), Double pole (E-dep.)

GCOE LRI 1L, 2009/02/16-18 8



Phenomenology of KN interaction

Effective interaction based on chiral SU(3) dynamics

Few-body kaonic nuclei in chiral dynamics
- single-channel KN potential

Construction of effective single-channel potential
T. Hyodo, W. Weise, Phys. Rev. C 77, 035204 (2008)

1) Coupled-channel --> single KN channel BS equation
incorporation of nz channel (exact)

2) Local potential in Schrodinger equation (approximate)

--> KN interaction : attractive, but weaker than the
phenomenological potential.

Application to K-pp system : bound, but B ~ 20 MeV
A.Doté, T. Hyodo, W. Weise, Nucl. Phys. A 804, 197 (2008); Phys. Rev. C 79, 014003 (2009)

Why the interaction is weaker? --> structure of the A(1405)
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. Vector meson exchange potentials

K" N to K™ N :
PPV couplings
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Phenomenology of KN interaction +a

A*N state in chiral model

Chiral dynamics --> two A* states : A", A*

With sufficient attraction (o exchange),
--> two A*N bound states in B=2 system : A*1N, A*2N

In addition, mixing of A*{N <--> A*2N : level repulsion

A* coupling constant : unknown
We consider this model simulates the thee-body calculation
- ==> DHW result = A*1N
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€ Decomposition into semi-exclusive spectra
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Isovector parameter b1 and Chiral symmetry

-f.'_qq} - order parameter of Order parameter of Chiral symmetry <gg>
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Pionic Atom and Pion Potential in Nuclear Matter
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xact sum rule for quark condensate in all density 1Y

sum rule in chiral limit Jido, Hatsuda, Kunihiro, PLB 670 (2008), 109.
* * *1/2 — \ %
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sum over zero modes with pionic quantum number

In-medium matrix elements
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eigenstates of QCD Hamiltonian with pionic quantum number
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rWaveflmc’cion renormalization in pionic atom

Matrix elements

. >
Zy = Gr/Gn (Q5(k)|92(2)|2) = SR>,

R 3BE D wavefunction normalization

— EBRIE < D T H o pemmen o
2RO NSLOBS EBE 0 ?i
=" (29) 5(3P32 )¢ 1l
*z}%i%_:b\ 5 O)%% é iz (2P) 43P 42 )" .. “F:‘Iﬂ[
WERBZETEE? e M0
2 15 ol
BRHRIRERETIIRES Yo T V-
BRENLT B ? : F{;,f.u.u-fJf.'._.,,.,m-\:».w-*- JIJ‘ ‘L

120 125 130 135 140 145
Excitation Energy [MeV]

L}. Jido 8 BERSHARE @B ‘

v}




Expected spectrum and

precision 'EISn{d HHE
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Our first goals
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Complex scaling method for 3-body case
U(0): r — r exp(i0), k — k exp(-i0)

—0 Im(E) IE Completeness relation
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B.G. Giraud, K. Kato, A. Ohnishi
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‘He+n+n system with complex scaling
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E1of Heinto He+n+n:
2-dimentional energy distribution
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s-wave 7 condensation in neutron stars ?
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