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Exotic hadron
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D(B)-N bound state

e D(B)-N bound state
[Qq—i—qquDDDDDDDDDDDDDDDD ]
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Previous work
e DNIODODOODDODDODODOODODODOOOD

e Yasui,Sudoh!O DO OO 7000000
DN.BNOOOOOOOOOODOOO

1S.Yasui and K.Sudoh, Phys Rev. D 80, 034008 (2009)
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Heavy meson and Heavy quark symmetry

e Heavy quark symmetry? (HQS)
Isuger U WiseDDDQDmQ—)ooDDDDDDDD

e Heavy quark spin symmetry

Spin-spin interaction — 0

Heavy pseudoscalar meson D(07) O
Heavy vector meson D*(17) 0000000

oo0ooopPO P OOOODODOOO
mp+ —mp ~ 140 MeV
mp« —mp ~ 45 MeV

— P*N mixingJ OO0

2NAIsuger and M.B.Wise, Phys. Rev. Lett. 66,1130(1990)
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P*N mixing and 7w exchange interaction

P N
[=0 M- —mg ~ 400 MeV x
Gl | mp+ —mp ~ 140 MeV
p* [—9 N {mB*—mBN45M€V
.————;T---_. Couple P*N channel with PN system
[=0
P N

P*Nmixing 0 700000000000
=0000000

2011 00 OO0ODOOODOO
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e 00OJD0O0ODHQSODODOO mp,wdO000O0
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Interactions

Heavy quark effective theory?
® Lonynm = g 1T [Hb’Y;ArYSAgaHa]
@ Loyy = —ifTr [Hbv“(p#)ba ] + iATr [Hba“ F.(p) aHa]

1 _
H,=—* “f [PrAh = P, Hy=+'HnA" \ N
vector pseudoscalar
19y
A” fﬁ”ﬂp —=Pp> Fy(p) = Oupy — Oup
1. (T \/i oy L ( ) 3 3

Bonn model*

@ Linn = ignNNNWSNaﬁ’ba

2my

o E’L)NN = ngNNb (’Yﬂ(ﬁp)ba U,ul/ay( )ba> Na

3R.Casalbuoni ,et al. Phys Rept. ,281 (1997) 145
4R Machleidt ,et al. Phys Rept. ,149 (1987) 1
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PN and P*N system

We investigate J© = 1/27 and 3/2 state.

@ Various coupled channels for J© =1/27,3/27 state.

PN 32§
P _ 1 /9 1/2 )
(1) J© = 1/27 state { P*N 28,54 Dy, 3-channels
PN 2D
P - 3/2 )
(2) J© = 3/27 state { P*N S35, Dys. 2Dy s 4-channels
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PN and P*N system

We investigate J© = 1/27 and 3/2 state.

@ Various coupled channels for J© =1/27,3/27 state.

PN 32§
1) JP =1/2" state 1/2 3-channels
( ) / { P*N 25’1/2,4 D1/2
— bound state (I = 0)
PN 2D
P _ /o 3/2 )
(2) J© = 3/27 state { P*N *Sy/5,*Dys. 2Dy s 4-channels

— no bound state
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PN and P*N system

We investigate J© = 1/27 and 3/2 state.

@ Various coupled channels for J© =1/27,3/27 state.

PN 32§
1) JP =1/2" state 1/2 3-channels
( ) / { P*N 25’1/2,4 D1/2
— bound state (I = 0)
PN 2D.
P _ /o 3/2 )
(2) J© = 3/27 state { P*N S35, Dys, 2Dy 4-channels

— resonance?
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PN and P*N system

We investigate J© = 1/27 and 3/2 state.

@ Various coupled channels for J© =1/27,3/27 state.

PN 28
P _ /o 1/2 )
(1) J© =1/27 state { P*N 28,54 Dy, 3-channels
— bound state (I = 0)
PN 2D.
P _ a0 3/2 i
(2) J© = 3/27 state { P*N S35, Do, 2Dy s 4-channels

— resonance?

Solve coupled channel equation!
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Result for J© =1/2" state
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The bound state with (I, J*) = (0,1/27)

e The bound states exist in (I, J¥) = (0,1/27) state.

Table: Binding energy and root mean square radii in (I, J7) = (0,1/27) state.

DN(r) DN(rpw) BN(m) BN(mpw)
Ep [MeV]  1.60 2.13 19.50 93.04
G [fm] 35 3.2 1.3 1.2

e v UUUUOLDD mp,wb OO0 bDOOyU
— o0 ogooboooooooood

e D*N mixing 0 OO0 B*N mixing 00 000
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Result for J© = 3/2~ state
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The scattering state with (I, J¥) = (0,3/27)

oJP:3/2’DDDDDDDDDDDDD---
@ Phase shift 0 0 O O
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The scattering state with (I, J¥) = (0,3/27)

oJP:3/2_DDDDDDDDDDDDD---
@ Phase shift 0 0 O O

Phase shift for DN (2Dj/») Phase shift for BN (2Ds/»)

4 4

3t 3t g
= = BN(*Ds,)
S 2r S 2r E
Py Py

1} 1} .

0 O Il Il Il Il

0 50 100 150 200 250 300 0 10 20 30 40 50
E [MeV] E [MeV]
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The scattering state with (I, J¥) = (0,3/27)

oJP:3/2_DDDDDDDDDDDDD~--
o Phase shift 0 O OO

Phase shift for DN (2Dj/») Phase shift for BN (*Ds5)

4 T T T 4

3f B 3| i
5 DN(Dyp) = BN(*Dy)
g ol . ] g of ]
w w

l J | 1 |

0 Il Il Il Il 0 Il Il Il Il

0 50 100 150 200 250 300 0 10 20 30 40 50
E [MeV] E [MeV]

Phase shifts cross 7/2 —>(Resonant state)
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The scattering state with (I, J¥) = (0,3/27)

GEGEEEEEEEEEEEED

Phase shift for DN(2D3/2) Phase shift for BN(zD;,/Z)
4 4
3t 3+ g
= DN(Dy) = BN(Dyp)
he] =]
S 2r e S 2r
= E,. = 113.19MeV = E,. = 6.93MeV
L [ =17.72MeV | L I = 0.095MeV |
O Il Il Il 0 Il Il Il Il
0 50 100 150 200 250 300 0 10 20 30 40 50
E [MeV] E [MeV]

Phase shifts cross 7/2 —>(Resonant state)
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The resonance in (I, J*) = (0,3/27) channel

PNO PFNOOOOODOODOODOO

<— Ignored

P —
= 3/2" state 3-channels
/ { P*N 4S5/5,* D35> D3)o

0 DO0O0O0O0O0O00O0O00O0OO0000O000OD0000000 2011 00 OO0ODOOODOO



The resonance in (I, J*) = (0,3/27) channel

PNO PFNOOOOODOODOODOO

<— Ignored

P —
= 3/2" state 3-channels
/ { P*N 4S5/5,* D35> D3)o

=P NOOOOOoOooooo

Table: Bounding energy for P*N system

Binding energy [MeV]

D*N 11.50
B*N 21.67

00000(Feshbach 0 0 J00 0
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The resonance in (I, J*) = (0,3/27) channel

D*N (Feshbach resonance]

D*N bound state

140 MeV

DN(2Ds5)
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The resonance in (I, J*) = (0,3/27) channel

D*N (Feshbach resonance]

D*N quasi-bound state (Resonance)

E,. =113.5 MeV
I'=177 MeV
140 MeV

DN(2Ds5)
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The resonance in (I, J*) = (0,3/27) channel

D*N (Feshbach resonance]

D*N quasi-bound state (Resonance)

IHHHHH D*N mixing < B*N mixing

E,.. =113.5 MeV
I'=17.7 MeV
140 MeV B*N
]
45 MeV B*N quasi-bound state (Resonance)
DN (*Dss) gl —— BN(?D32)
E,..=6.9 MeV
I'=0.09 MeV
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Summary

Heavy quark symmetry U0 OO0 000000000
DNOBNODOOOODODODODODODODOOO

(]

(I,JP)=(0,3/2)0000000000000000
00000

e 00O FeshbachOOOOOOO

gbooooooobobooo pPNOOOOOODOO
Ur000000 000000000000 00
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OO000 FOO0O0O0O0OA

o vertex OO OO

. A2 —m?
Fo(A,q) = JXFuFE

o D00 vertex 0 OOOOO Ay O Bonn potential [
Deuteron 0000 0O0O0OO0O0O0OOOOOOOOOOO
e JIOOOOOvertexOOODODODO ApO
Ap = 1.35AN
Ap =1.29Ay

Table: Cutoff parameter.

Potential Ay [MeV] Ap [MeV] Ap [MeV]
T 830 1121 1070
T, 0,w 846 1142 1091
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