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Mass spectra of Heavy baryon

3.1 —

2.9 —

2.7 —

2.5 —

23

3/2~

1/2~

(a) Charmed baryons

Mass above baseline (GeV)

0.8 —

0.6 —

0.4 —

0.2 —

0.0 —

(b) Light strange baryons

— 1.8

— 1.6

—1.4

—1.2

52+
RIC 32~
52+
52—
32— ?
3/2~ - 32+
1/2-
3/2- 327
%
1/2-
A
2= N
12+
1/2+
275
12+
—_ —e __________________________
A > = Q

Strange baryon mass (GeV)



ass (GeV)

Charmed b

Mass spectra of Heavy baryon

(a) Charmed baryons

Mass above baseline (GeV)

-~

-t K

o

i =

. -

Y o
. -

BT8R - ARTRWNN
(RO RWEN)




Constituent quark model

Schrédinger equation

T+ V. +. -E||w,,)=0

Potential
Vo brij C We introduce non-relativistic hamiltonian of three body system .
con — 2 T Hamiltonian guarantee heavy quark spin symmetry.
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Parameters The parameters are determined from experimental data of strange baryons
m, Mg Me my b K oy ap(=aten) C A
[MeV] [MeV] [MeV] [MeV] [GeV?| [MeV] [MeV] [fm™!]

300 510 1750 5112 0.165 90 1.2 0.077 -1139 3.5




Constituent quark model

A
qu(") - ’— +or+ 'V, Taichi Kawanai and Shoichi Sasaki.Phys.Rev.Lett.,107:091601,2011.
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, [GeV] Ge [GeV 7]
0.26 | 2.00(5) 0.323(9) 0.447(6) 1.62(5)
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L . L Heavy quark mass dependence on color coulomb force
0 0.1 0.2 0.3 0.4 0.5 0.6 and confinement force is suggested.
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Gaussian Expansion Method

E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51 (2003) 223
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We use variational method to get the
energy and wave function.

This type of bases enable us to solve
the Schrédinger equation precisely.

Eigen value problem
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0 -mode and A -mode

0 -mode excitation A -mode excitation

C C
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From these two modes, we characterize P-wave
state of the heavy baryons.



0 -mode and A -mode

Harmonic oscillator type potential
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The number of A and 0 -mode

flavor [ L I s S mode J
0 1 1 0 1/2 M 1/27,3/2°
Ag 1 0 1 1 1/2 pype 1/27,3/2~
1 0 1 1 3/2 P3/2 1/2_,3/2_,~)/2_
0 1 1 1 1/2 Ap 1/2-,3/2~
20 0 1 1 1 3/2 Agpp 1/27,3/27,5/2
1 0 1 0 1/2 pyy 1/2-,3/2~
0 1 1 0 1/2 Ay 1/27,3/2~
1 0 1 1 1/2 pya  1/27,3/2"
=Q 1 0 1 1 3/2 p3pp 1/27,3/27,5/2°
0 1 1 1 1/2 Mp 1/27,3/2°
0 1 1 1 3/2 A3pp 1/27,3/27,5/2°
1 0 1 0 1/2 pia  1/27,3/2"
0 1 1 1 1/2 Ap 1/2-,3/2~
200 0 1 1 1 3/2 Agpp 1/27,3/27,5/2
1 0 1 0 1/2 pyy 1/2-,3/2~
0 1 1 1 1/2 Ay 1/27,3/2~
Qo0 0 1 1 1 3/2 Azj2 1/27,3/27,5/2~
1 0 1 0 1/2 pip 1/27,3/2~
QQQQ 0 1 1 1 1/2 /\1/9 1/2_,3/2_
1 0 1 0 1/2 pyyp 1/2-,3/2~
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Level structure of P-wave singly heavy baryon
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Charmed baryons
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Bottom baryons
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Negative parity states — p-wave excitations - 1/27, 3/2™

(5/27)
$(3/27)
$(1/27)

A(G/27)
A(3/27)
A(1/27)




Negative parity states — p-wave excitations - 1/27, 3/2™
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® Wave function of P-wave state
|AQ> = A, (my)|A)+ A, (my)| p) |ZQ> =B, (m,)|A)+B,(my)|p)
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® Wave function of P-wave state

[Ao) = 4, )| A) + 4,(mo)| ) [Z6) = B,(mo)|A)+ B, (my)| )
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Flavor Heavy quark Dominant Mode
IB 12 Strange A-mode
A N\ Charm A-mode
0.5 ) Bottom A-mode
I Bpl 2 Strange Still mix
z Charm A-mode
Bottom A-mode




Summary

® Mass Spectra of heavy baryons

We predict baryon spectra.

— our calculated result reproduce experimental data within 40 MeV

—>we find that A and p-mode well separate in the P-wave states of heavy baryons
We saw the heavy quark mass dependence of mass spectra for the P-wave state.
—as heavy quark mass increase, the difference of excitation energy of

A and p-mode become large. It is consistent with naive discussion of harmonic
oscillator.

@® Structure of P-wave single heavy baryons

We saw the heavy quark mass dependence of the state of P-wave single heavy
baryon

—>The Probability of A and p-mode rapidly change as heavy quark mass increase.
We find P-wave single heavy baryon take pure A-mode for lowest lying states.




Thank you for your attention!




Decay pattern
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Decay pattern

PDG Data State P P,P,

- ,_")(1_8?0)3/ 2t A(1520)  3/2- 0.97:0.03
(1820)5/2+ |
: S77s)/2; 40 A(1670)  1/2- 0.065:0.935
2 ]
§ A(1690)3/2- ]
- Z(A7501/2- A1e90)  3/2- 0.032:0.968
3(1670)3/2- A(1670)1/2-
i A(1520)3/2- A(1890)  3/2+ 0.99:0.001
R o A(1820)  5/2+ 0.99:0.001
0 0 . 2(1750)  3/2- 0.11:0.89

P mm A 2(1670)  3/2- 0.79:0.21



Quark mass dependence of Excited energy
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Quark mass dependence of Probability

SU(3) limit strange
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® Wave function of P-wave state
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Quark mass dependence of Excited energy
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Angular momentum
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Anti-Symmetrization
C q, C
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Double heavy baryons
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Double heavy baryons
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