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Mass of singly and doubly heavy baryons
within the SU(3) chiral quark-soliton model
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The mass of light baryons are well known in the ground state and
this model extremely well explain the mass splittings.

We want to take account of the heavy baryon sector.
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Heavy quark spin is conserved. it indicates that the soliton spin is
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The soliton and heavy quark is decoupled and the heavy quark

play a role of the static color source.

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update.


http://pdg.lbl.gov/2017/html/authors_2016.html

The masse of charmed baryons are well known. Thus we will check

the validity of the present approach.
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There are unknown baryon masses in the bottom baryon sector.
We can predict the mass of the 27~ without isospin symmetry

breaking.

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update.


http://pdg.lbl.gov/2017/html/authors_2016.html

MOTIVATION

Mass of the Q"

. is unknown.

Recently, mass of the =

founded [1] therefore we can predict mass of Q.
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Moreover, there are observeci particles Q) in LHCb. The partlcle is

classified within chiral-quark soliton model by using model
independent calculation[2].

[1] M. Mattson et al [SELEX Collaboration],Phys. Rev. Lett. 89, 112001 (2002).
[2] H.C.Kim, M. V. Polyakov and M. Praszatowicz, Phys. Rev. D96, no. 1, 014009 (2017)



CHIRAL QUARK-SOLITON MODEL

» Effective chiral action
Set = —N TrLn(ivy,0" + i + i MU?)

U’}/5 — 67:7'('&’7'&"}/5

m = diag(m.,, mq, ms)

» Classical soliton mass for light baryon
M. ~ 1300MeV

» Collective Hamiltonian

D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).



CHIRAL QUARK-SOLITON MODEL

Change of the pion mean fields for Singly heavy baryon

N, N, —1

» The mass of the heavy baryon soliton changed under the pion
mean field change.

Mool = (N. — 1) Eyal + Esea &~ 1100MeV.

D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).



CHIRAL QUARK-SOLITON MODEL

Change of the pion mean fields for Singly heavy baryon

» The moment of inertias and dynamical parameters are also
changed under the pion mean fields change. One can take
account of the ;.

Iy = (N, — 1)I;* + I7*

Light baryon This work  Ref [14]  Ref [32]|Singly heavy baryon This work
I [fm] 1.108 1.230 +£0.002 1.06 I [fm] 0.844
I, [fm] 0.529  0.420 £0.006 0.48 I, [fm] 0.404
K, [fm 0.428 - 0.42 K, [fm] 0.286
K [fm 0.272 - 0.26 K [fm] 0.181
No|[fm] 0.457 - - N [fm| 0.499
N [fm] 0.410 - - N, [fm] 0.380
N [fm] 0.323 - - N [fm| 0.286

Y.n[MeV] 437 36.4+3.9 41 ¥~ [MeV] 40.0
&[MeV] -392.0 -262.9£5.9 -197.0 a[MeV] -326.3
B[MeV] -99.3  -144.3+3.2  -93.7 B[MeV] -77.8
FMeV] -49.4  -104.242.4  -52.6 ~[MeV] -37.8

M.oi[MeV]  1296.1 - - Mo [MeV] 1099.9

[14] Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)
[32] T. Ledwig, A. Silva and H.-Ch. Kim, Phys. Rev. D82, 034022 (2010)

m, = 180MeV



CHIRAL QUARK-SOLITON MODEL

ROTATIONAL ENERGY

Mp.g ={Mal+ =——J(J + 1) + = [C2(p, ¢) — J(J +1)] —

Light baryon

Y =N.3 f
| Y = (N, —1)/3 Singly heavy baryon

¢ [ M. = My, Light baryon ]
. Mg = Mo + mg Singly heavy baryon §

3—(p,q =(0,1) — J =0 antitriplet
6 — (p,q) =(2,0) — J =1 sextet.

» The rotational energy yields the energy difference between
the 3 and the 6.
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D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988). (3,7 =1



CHIRAL QUARK-SOLITON MODEL

HYPERFINE MASS SPLITTING

» The mass difference between baryon spin 1/2 and 3/2 arised from
the spin-spin interaction.
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» The hyperfine mass splitting is determined by = 68.1+ L1MeV |

using experimental data[1] = 20.3 + 1.0MeV |

[1] Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)



CHIRAL QUARK-SOLITON MODEL

SU(3) SYMMETRY BREAKING
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» Mass correction in the perturbation theory

Myl = (B, RIHG|B,R) = Yir

5 = 2 b6 = —a +  — —n.
3 SCV_I_ﬂa 6 QOa 5 107

D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).



CHIRAL QUARK-SOLITON MODEL

SU(3) SYMMETRY BREAKING
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model independent value
o = —178.5MeV, 45" = —120.7TMeV,

MPer) — (B RIHY B, R).

D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).



MASS SPLITTING OF THE SINGLY HEAVY BARYON

LIGHT BARYON
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MASS SPLITTING OF THE SINGLY HEAVY BARYON

CHARMED BARYON
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MASS SPLITTING OF THE SINGLY HEAVY BARYON

BOTTOM BARYON
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MASS SPLITTING OF THE SINGLY HEAVY BARYON

LIGHT BARYON
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MASS SPLITTING OF THE SINGLY HEAVY BARYON

CHARMED BARYON
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MASS SPLITTING OF THE SINGLY HEAVY BARYON

BOTTOM BARYON
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MASSES OF THE SINGLY HEAVY BARYONS

CHARMED BARYON

» The heavy baryon masses can be calculated by using the
determined strange current quark mass.

s [I\ie \o’] Perturbative
perturbation 1st 2nd lst order 2nd O?dcr
light baryon _ |210 202 RS B.|Fxperiment[MeV] ref[14] [MeV] |m, = 77[MeV] m, £174[MeV]
charmed baryon¢T77 X174 > §f 72 Ac 2286.5+0.1 2272.5+2.3 2272.7 2282.8
bottom baryon 167 166 3‘1:/2 S 2469.4+0.3 2476.3+1.2 2476.3 2471.2

12 2ec 2453.5+0.1 2445.3+2.5 2456.1 2453.2
1/2 = 2576.842.1 2580.5£1.6 2573.6 2576.9
67,, Q. 2695.2+1.7 2715.7+4.5 2691.0 2695.9
32 Mc 2518.1+0.8 2513.4+2.3 2525.0 2520.3
3/2 Se 2645.9+0.4 2648.6+1.3 2642.4 2644.0
a2 S2c 2765.912.0 2783.8+4.5 2759.9 2763.1

[14]Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)



MASSES OF THE SINGLY HEAVY BARYONS

BOTTOM BARYON

» Especially, the mass of {2; can be predicted in the chiral quark-
soliton model.

ms[MeV] Perturbative
T ‘ 1st order 2nd order

perturbation 1st 2nd - : : - ik — -
light baryon 510 202 'E,) 5 Bc|ExperimentMeV] ref[11] MeV]| |m, @Ie\’] ms =€ 166 MeV]

charmed baryon 177 174 :j;/; Ay 5619.5+0.2 5599.3+£2.4 5607.1 5615.1

bottom baryon (167 X166 ) ' 3793.1+0.7 3803.1+1.2 5799.3 3795.3

2 3813.1+1.3 3804.3+£2.1 5821.0 3815.3

6'1",2 =, | 5935.0+0.05 3939.5+1.5 5931.8 3933.0

6],, | 6048.0+1.9 6074.7+4.5 6042.6 6046.4

6;'2';2 2 5833.6+1.3 3821.6+2.3 58410.9 5835.5
65y Z; |  5955.3+01 S08EL2 | SOLT . SO0

Maq: = Mg, +
M@ Msoel

[14]Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)

= 6068.0 £ 2.1MeV



MASSES OF THE SINGLY HEAVY BARYONS

HEAVY PENTAQUARK
» The 2,[3050] and the 93119] mass difference is 69MeV that
would be hyperfine mass splitting for charmed baryon, which is
the scenario of our model.
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[4] D. Diakonov, arXiv:1003.2157 [hep-ph].



MASSES OF THE SINGLY HEAVY BARYONS

HEAVY PENTAQUARK

Perturbative

1st order 2nd order

177 174

» One can calculate the whole heavy
pentaquark masses by using masses M_s)s
of the QY particles. M

2738.1  2751.7
2827.9  2861.0
2849.1  2859.9
29017.7  2923.3

2949.6  2964.3
Input]

2808.1  2820.7
2897.9  2930.0
2019.1  2928.9
29087.7 29923

3019.6  3033.7
Input]

Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)



MASSES OF THE DOUBLY HEAVY BARYONS

DOUBLY CHARMED BARYON

» Doubly charmed baryon consist of the
two heavy quarks and N, — 2 light

quark.

» One can get the masses of the Q+ by

using masses of the = and ="

C

Mg) . =Yor.
3 9
03 = 16 o + ' — 57

03 -3

M. Mattson et al [SELEX Collaboration],Phys. Rev. Lett. 89, 112001 (2002).

R. Aaij et al. [LHCb Collaboration], arXiv:1707.01621 [hep-ex].
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MASSES OF THE DOUBLY HEAVY BARYONS

DOUBLY CHARMED BARYON

» There is dependence of the strange current quark mass as a result
of the SU(3) symmetry breaking

» The strange current quark mass cannot be determined for now but
one can predict the mass of the Q" as a function of the quark mass.

Mg, [MeV]
ms|MeV] 1st order 2nd order
150  3613.3  3614.5
exd _ ax - 160 36196  3621.0
Mz, =35190MeV 43 17, 45058 36274
180  3632.1  3633.9
50 37168 3717.0
e - 160 37221  3723.5
M7 = 36214 MeV 42 10 7083 379909
180 37346  3736.4




Pion mean field play a important role in the heavy baryon sector.

Unfortunately, mass difference of the representations undershoots
by 25%.

If the strange current quark mass determined in the doubly heavy
baryon, one can predict the exact heavy baryon masses.

Decay width of the heavy baryon can be calculated in the chiral
quark-soliton model as well.



THANK YOU VERY MUCH!



