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INTRODUCTION

&S D

» We have obtained many experimental data related to
hypernuclei and hyperon-nucleon(YN) interactions.
Theoretically, study of hyperon-hyperon interactions have
advanced, too.

We make theoretical study of charmed
nuclei here. /

the next stage

€

« According to recent studies, charmed baryons have
properties which do not appear in light baryons and
strange baryons.

-Heavy quark symmetry

-Channel coupling including higher state than strange
sector.
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INTRO
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e [NnTeresting properties or charm nuciel

-Heavy quark symmetry
-Channel coupling including higher state than

sfrange sector.
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Y.N INTERACTION

« Y.N potential (Y, = A, 2., Z.7)

First, we construct the YCN potential taking account of channel couplings.
In this study, we construct a hybrid potential using a hadron model and a
quark model

-One Boson Exch(]nge po’ren’riql [Y.R.Liu, M.Oka, Phys. Rev. D 85, 014015 (2012)]
Quark Cluster Model  M.Oka, Nuclear Physics A 881 (2012) 6-13]

Viv.ny = Vosep + Vocm
« Channel coupling

Channels 1 2 3 4 51 6 7

JT=0" | AcN(1So) ZeN(1So) TIN(°Do)
JT" =17 | ALN(3S;) X.N(3S1) XiIN(S)) AN(CGD;) X.N(3D;) XiIN(GED;) XiIN(°D)
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Y.N INTERACTION

« One Boson Exchange potential

We assume that the pion and
the sigma meson exchange
between the charm baryon and
the nucleon.

At the vertices, we infroduce the
form factor F(q) as follows

A2 —m?

F@) ="
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Y.N INTERACTION

« One Boson Exchange potential
We assume that ’rhe pion and

N | v (N S

s o T
Vx(i,7) = (7;(1.])_) {<08p171> Yi(mg, Ar,7) + <Ot€’"> H3(mzx, Az, )}

247 f2

Mgy

2
i Wis |
o {<1>ij 4Y1(meg, Ay, 1) + <0LS> ( M ) Z3(mg., Ay, ,)}

Voli,g) = Colisj)

F(q) = //\\22__ 22 T Ye(®) [N(-E}
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Y.N INTERACTION

« Quark Cluster Model (QCM)

The QCM considers two baryon clusters each made of
three quarks.

When two baryons overlap completely, r=0, all the six

quarks occupy the lowest energy orbit with a single
center.

. . x x5

« Potential equation ) L - v
r

_ r

VQCM = Voe bz
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Y.N INTERACTION

« Parameter fix

In our previous study using the OBE potential, it is found that
the results are very sensifive to the cutoff parameters.

To remedy this problem, in the present approach, we
determine the parameters of the potential so as to reproduce
the NN interacfion data using the same model.

-Fixed parameter
Pi-baryon coupling constants, Range parameter of QCM

-Determined parameter

(Clu’roff parameter (A, A;). sigma-baryon coupling constants
o
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Y.N INTERACTION

« Parameter f
In our previoul. <

.YCN -Corresponding To NN

found that

The resu”‘s qare vianis lancitiva tA tha ~1 t~Ff r\;u;mm'a"l'erS.

To remedy thi YcN-CTNN

determine the
the NN inferar  parameter a

‘Fixed param o rameter ¢
Pi-baryon cot

Cy | blfm]
-67.58 | 0.6
parameter b || -77.5 0.6
-60.76 | 0.5
parameter d || -70.68 | 0.5

, we
to reproduce

of QCM

-Determined parameter

Cutoff parameter (A, A;), sigma-baryon coupling constants

Co
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AUSSIAN EXPANSION METHOD

[E. Hiyama et al. Prog. Part. Nucl. Phys. 51, 223 (2003)] (G EM)

We solve the coupled channel Schrodinger equation using the

Gaussian expansion method, GEM. The definition is as this slide.

TRh’re GEM,lsl’rhe one of variational methods based the Rayleigh-
itz principle.

* Definition
(H—E)W(r) =0, Wy(r)=yrmecP s o (1)

G _ 4G .
¢]M,nlm (r) - ¢nl (T)Ylmz(r)
d%,(r) = Nyrle Vn”

v, = —, r, = a1l
1

W1
N <Zl+2(2vn)”5>2
o \ym@2l+ D

n=1
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[E. Hiyama et al. Prog. Part. Nucl. Phys. 51, 223 (2003)]

« Matrix element

j\’rn:n’ — <¢'§lm ‘(f'r:)'r?’lm>

B (21 /U Vs ) +3

L”fn + .’/71"

h° o G
ﬂv ‘@n’lm)
h? (20 4 3)vpvms |,

— - i'\"nn’

H Vn + Vpt

Tn,n’ - <(-*'T:)§£m| -

Vn,’fl’ — <(-*'T:)§£m“/(r)‘@§’£m>

o0
S _ 2
= h"ngh’n;g/ p2le=Wntvn)r V(-r)-rgdr
0
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Y.N INTERACTION

« Result of binding energy and scattering length

JT™=0% || CTNN-a | CTNN-b | CTNN-¢ | CTNN-d
B.E. [MeV] - - 1.72 x1073 1.37
(+ Coulomb) (0.56)
scattering length [fm] -3.64 -65.15 130.93 5.31
JT =17 || CINN-a | CTNN-b CTNN-¢ | C'TNN-d
B.E. [MeV] - 2.62 x107% | 1.97 x10~2 1.57
(+ Coulomb) (0.72)
scattering length |[fin] -4.11 337.53 39.27 5.01
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A.NN CHARM NUCLE

« Effective potential

For simplicity, we first calculate without channel coupling.
We choose a 2-range Gaussian potential for the single A N
S-wave channel so that it represents the full coupled
channel potential. Now, we consider only the YCN-CTNN-d
potential to construct an effective potential.

r2 r2

2 2
VACN = Vle b4 + Vzei b

OBEP like QCM like

Parameter fix: by = 0.9 fm, b, = 0.5 fm
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A.NN CHARM NUCLE

« Effective potential

0

_10 -
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A.NN CHARM NUCLE

o - V= —149.25MeV], VI =0.25MeV],
Vit =-149

Vit =085 V2 = 101.125MeV], VZ = —2.625[MeV].

70 +

J™=1" potential ——

J*=0" potential ——

-80 ' :
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AUSSIAN EXPANSION METHOD
[E. Hiyama et al. Prog. Part. Nucl. Phys. 51, 223 (2003)] (G EM)

» For 3-body problem e
R
Wy = @5 D1y, Ry) + e (15, Ry) + @y D (r3,Rs) | y
(bj(lcw) (re,Re) = 2 Affc)lc NgLg [‘Pnc,lc rc)§0NC,LC (RC)]]M
Nnele,Ne,Le

¢glm(r) = ¢gz (MY (7) ‘PIC\;iLM(R) = ‘PIC\;/L(R)YLM@)
(.bnl(r) = Npyr Lg=VnT™ ¢1€1L(f) = Ny Rte *nR

_ _ _ —1
v, = rnz' r, =ra®t A = R.Z Rn = R,A"
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« Charm 3-body calculation (only S-wave)

I=0 --- Syy=1andJ"
I=1 --- Syy=0,andJ”

[
=
=

and

B2| = b2 =

*Minnesota potential

1 1 1 1 v
V= (Vg +§(1 + PE)V, +§(1 + Pg)l/f)(zu +5@2 - WP
1+ (o; - 0))
2

[D. R. Thompson, M. Lemere, and Y. C. Tang, Nuci. Phys. A 286, 53 (1977)]
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A.NN CHARM NUCLE

« Binding

— ANN(I = 0) 1
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SUMMARY

 We propose the Y.N potential model based on the
hadron model and the quark model, and find four
parameter set to reproduce experimental data of
NN system.

« Calculating the Y.N 2-body system with Coulomb
potential, we get the shallow bound state.

« Using the effective single-channel potential, we
found that the A_NN 3-body system has a deeply
bound state.
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