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Intfroduction

»We have been obtaining many experimental data related
to hypernuclei and hyperon-nucleon(YN) interaction:s.

with theoretical knowledge

» Interesting properties of charm nuclei

- Heavy quark symmetry

- Channel coupling including higher state than strange sector.
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Intfroduction
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- Heavy quark symmetry

- Channel coupling including higher state than strange sector.

HYP 2015, Session 8a, Tohoku University 2015/9/10



Y.N interaction

» Y.N potential (Y, =A,Z.,2.7)

In this study, we construct a hybrid potential using a hadron model and @
quark model

- One Boson Exchange potential
» Quark Cluster Model

» Channel coupling

[M.Oka, Nuclear Physics A 881 (2012) 6-13]

Viv.ny = Voser + Vocm

[Y.R.Liu, M.Oka, Phys. Rev. D 85, 014015 (2012)]

Channels 1 2 3 4 5 6 7

JT =07 | AceN(1Sg) eN(1So) ZIN(°Do)

J* =17 | AcN(®Sy) Z.N(3S1) XiINEGS)) ANCGDy) X.N(GD,) XiN(PD;) XIN(°Dy)
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Y.N interaction

» One Boson Exchange potential

We assume that the pion and the sigma

Y.(p' N(-p'
meson exchange between the charm (") )
baryon and the nucleon. A A

F(q)
At the vertices, we introduce the form ./ \.
factor F(q) as follows q
A A
A%2—m? .
F@) ="z Y.®) N(-p)
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Y.N interaction

» One Boson Exchange potential

We assume that the pion and the sigma N -
IRACH | N(-p)

“,._ {<ospin>ij )’1(’”ﬁ- Ag,7)+ <Otcn>,‘j H:?»(’"rr- Ay, ’)}
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AZ_mZ .
F(q) = AT g2 W Y. (P) [N{-ﬁ]
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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.

Potential equation
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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.

V(r =0) ~< 6q|H|6q > —2 < 3q|H|3q >

Potential equation
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Y.N interaction

» Parameter fix

we determine the parameters of the potential so as to reproduce
the NN interaction data using the same model.

- Fixed parameter

Pi-baryon coupling constants, Range parameter of QCM

- Determined parameter

Cutoff parameter (A, A;), sSigma-baryon coupling constants
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Y.N interaction

» Parameter fix

we determine the narameters of the potential so as to reproduce

the NN interac

- Fixed pararmr

Pl-baryon cou|  parameter c

YcN-CTNN Cy | b[fm]
parameter a || -67.58 | 0.6
parameter b || -77.5 0.6

-60.76 | 0.5
parameter d || -70.68 [ 0.5

¢ DeTerthed POTraTrTTCTC!

QCM

Cutoff parameter (A, A;), sSigma-baryon coupling constants
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Y.N interaction

» Result of binding energy and scafttering length

J™ =07 || CTNN-a | CTNN-b | CTNN-c¢ | CTNN-d
B.E. [MeV] - - 1.72 x107? 1.37
(+ Coulomb) (0.56)
scattering length [fm] -3.64 -65.15 130.93 5.31
J™ =17 || CI'NN-a | CTNN-b CTNN-c CTNN-d
B.E. [MeV] - 1.67 x10™* | 1.91 x10~? 1.56
(+ Coulomb) (0.72)
scattering length [fm] -4.11 337.53 39.27 5.01

HYP 2015, Session 8a, Tohoku University
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Y.N interaction

» Effects of channel coupling

J™ =07 || CTNN-a | CTNN-b CTNN-c CTNN-d

probability (A.N)[%] - - 99.97 09.29

probability (3. N)[%] - - 7.0 x1073 0.20

probability (3% N ) [%] - - 2.1 x1072 0.51

J™ =17 || CTNN-a | CTNN-b CTNN-¢ | CTNN-d
probability(A.N)[%] - 99.99 99.90 99.23
probability(Z.N)[%] - 4.9 <1073 | 4.9 x1072 0.39
(D-wave (°Dy)) - 4.5 x107% | 4.6 x1072 0.35
probability (XX V) [%] - 4.6 <1072 | 4.6 x1072 0.38
(D-wave (°Dy)) - 3.1 x107* | 3.2 x1072 0.25
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Y.N interaction

» Effects of channel coupling

J™ =07 || CTNN-a | CTNN-b CTNN-c CTNN-d

probability (A.N)[%] - - 99.97 99.29

probability (3. N)[%] - - 7.0 x107? 0.20

NLEINIAGM [s channel coupling negligible i 0.51
probability (A.N)[%] - 99.99 99.90 99.23
probability(Z.N)[%] - 4.9 <1073 | 4.9 x1072 0.39
(D-wave (°Dy)) - 4.5 x107% | 4.6 x1072 0.35
probability (XX N)[%] - 4.6 <1072 | 4.6 x1072 0.38
(D-wave (°Dy)) - 3.1 x107* | 3.2 x1072 0.25
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Y.N interaction

» Effects of channel coupling

- Scattering length

AN — XN - XEIN AN AN — X N AN - 2N
J7 0+ 1T 0 1" 0+ 1T 0+ 1T
CTNN-a || -3.63 -4.10 -1.11 | -1.11 | -1.16 | -2.07 | -3.13 | -2.09
CTNN-b || -63.25 | 398.67 -2.62 | -2.62 | -2.78 | -6.74 | -20.84 | -7.00
CTNN-c || 139.07 39.96 -3.01 | -3.01 | -3.19 | -8.61 | -48.56 | -9.00
CTNN-d || 5.32 5.02 -28.59 | -28.59 | -44.65 | 9.79 | 6.01 | 9.36
B.E. 1.37 1.56 - - - 0.36 | 1.09 | 0.39
Channels 1 2 3 4 5 6 7
JT =07 | AceN(1Sg) eN(1So) ZIN(°Do)
J* =17 | AcN(®Sy) Z.N(3S1) XiINEGS)) ANCGDy) X.N(GD,) XiN(PD;) XIN(°Dy)
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Y.N interaction

» Effects of channel coupling

- Scattering length

AN — XN - XEIN AN AN — X N AN - 2N
J7 0+ 1T 0 1" 0+ 1T 0+ 1T
CTNN-a || -3.63 -4.10 -1.11 | -1.11 | -1.16 | -2.07 | -3.13 | -2.09
CTNN-b || -63.25 | 398.67 -2.62 | -2.62 | -2.78 | -6.74 | -20.84 | -7.00
CTNN-c || 139.07 39.96 -3.01 | -3.01 | -3.19 | -8.61 | -48.56 | -9.00
CTNN-d || 5.32 5.02 -28.59 | -28.59 | -44.65 | 9.79 | 6.01 | 9.36
B.E. 1.37 1.56 - - - 0.36 | 1.09 | 0.39
Channels 1 2 3 4 5 6 7
JT =07 | AcN(1So) neN(1So) [BEN(°Da)
JT" =17 | AcN(3S;) XN(3S1) XIN(S1) ANCGD)) [BeNCDy)| »:N(D,) [SEN(CD;)
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» Effective potential

We replace the Y.N-CTNN potential by a 2-range Gaussian
potential to renormalize the effect of channel coupling to A.N S-

wdave.

_r* _r*
2 2
VACN = Vle bl + Vze b2

OBEP like QCM like

Parameter fix: by = 0.9 fm, b, = 0.5 fm
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» Effective potential
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» Charm 3-body calculation

I=0 --- Syyv=1L1landJ" =
I=1 -+ Syy=0.andJ" =

and 3. N N

[ T e T

- Minnesota potential
1 1 1 1
V=>Ur+5 (1+ PV + > (1+ P{})Vs)(zu +52- wP)
1+ (G 3)
2

o __

[D. R. Thompson, M. Lemere, and Y. C. Tang, Nuci. Phys. A 286, 53 (1977)]
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» Binding
Energy

HYP 2015, Session 8a, Tohoku University
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» structure

parameter set Acnp
I=0 J7 =1 plfm] JT=17 R[fm] JT=3"r[fm] JT=3" R[fm]
A.np w/o Coulomb 1.91 1.34 1.90 1.32
Acnp w/ Coulomb 1.93 1.36 1.91 1.34
[=1|J =1 rt[fm] J7=1" Rfm] N
A.nn 2.62 1.64
A.np 2.67 1.68 R
Acpp 2.78 1.75 N N
T
2015/9/10
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» structure

Deuteron: 3.8 fm

——w

parameter set Acnp
I=0 J7 =1 plfm] JT=17 R[fm] JT=3"r[fm] JT=3" R[fm]
A.np w/o Coulomb 1.91 1.34 1.90 1.32
Acnp w/ Coulomb 1.93 1.36 1.91 1.34
3 —
I =1 J”:%Jrr[fm] AH_d+A N
A.nn 2.62 ACpn = d + AC .
Acnp 2.67 .68
Acpp 2.78 1.75 N N
r
2015/9/10
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» 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 for several potential models.

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

» The corresponding wave functions show that the A, baryon
makes the size of the NN system significantly smaller by
attraction.
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