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Ref.: - Strong decays of exotic and nonexotic heavy baryons in the chiral quark-soliton model
( Phys.Rev. D96 (2017) 094021 arXiv:1709.04927 [hep-ph] )

- Pion mean fields and heavy baryons
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M=, = 59489 £ 0.8 £ 1.2MeV  CMS,PRL 108, 252002 (2012)

M=, = 5935.02 £ 0.02 £ 0.05 MeV

LHCb, PRL 114 062004 (2015)
Mzx = 5955.33 £ 0.12 £ 0.05 MeV

The masses of the low-lying bottom baryons
are now much known with the help of LHC.
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29%:2695.2,+1.7, 2:0:2765.9+ 2.0 (Phys.Rev.Lett. 118 (2017) no.18, 182001)



Chiral Soliton Model for SU(3) baryons

- Mean field picture

. Effective and relativistic low energy theory

. Large N_limit : meson fields
— soliton

: Quantizing SU(3) rotated-meson fields
— Collective Hamiltonian, model baryon states

Hedgehog Ansatz: Usu(2) = exp [iysn - TP(r
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SU(2) E. Witten's imbedding into SU(3): SU(2) X U(1)



The nucleon can be considered as a chiral soliton
in the large Nc limit.

» Large-N,. world does not differ much from the real world with N, = 3

» the N, quarks constituting a baryon can be considered in a mean
(non-fluctuating) mesonic field

— all quark levels in the mean field are stable in N..

-

he model was successful in describing the structure of the nucleon. h

Will this mean-field approach (large N, limit) work B. B, ?
also for heavy baryons as well as excited ones? c ©Pb

Diakonov, Petrov, Phys.Rev.D 69,056002, 2004, Diakonov, 1003.2157
Q)iakonov, Petrov, Vladimirov.PhysRevD.88.074030, 2013 /




Hamiltonian and baryon states

Collective Hamiltonian
,'Itotal = ,',cl + ,'Irot"' Hsb
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Model baryon state
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Constraint for the collective quantization: Y/ — _



Collective Hamiltonian for flavor symmetry breakings
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SU(3) flavor symmetry breaking + Isospin symmetry breaking




Mass [MeV] T Y Exp. ﬁpr Numerical results

M p 1/2 . 938.27203 4 0.00008 938.76 + 3.65
n —1/2 939.56536 % 0.00008 940.27 & 3.64

M 4 A 0 0 1115.683 4 0.006 1109.61 + 0.70
IO 1 1189.37 £0.07 1188.75 4 0.70

Mg  X° 0 0 1192.642 4 0.024 1190.20 £ 0.77
3 —1 1197.449 £ 0.030 1195.48 £0.71
V= /2 1314.83 £ 0.20 1319.30 £ 3.43
= —1/2 1321.31 +0.13 1324.52 + 3.44

(mg —my)a=—4.390£0.004, (ms—m)a = —255.029 + 5.821,
(mg —my) = —2.411 £ 0.001, (ms —m) [ = —140.040 £+ 3.195,
(mg —my)~y = —1.740 £ 0.006, (ms—m)~y = —101.081 + 2.332,
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— (mg — my) (61 — Zég) T3 — (ms — ) (61 — ng) :
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where 61 = —gOZ — /3 —+ g"% 62 = —1—004 — %’}/
Mass [MeV] 15 Y Experiment*" Predictions
ATT 3/2 1248.54 £ 3.39
| At 1/2 1249.36 + 3.37
Ma AP ~1/2 ! 1231 = 1233 1251.53 + 3.38
A~ —3/2 1255.08 + 3.37
>t 1 1382.8 + 0.4 1388.48 + 0.34
Ms- 0 0 0 1383.7+ 1.0 1390.66 + 0.37
ok —1 1387.2+ 0.5 1394.20 + 0.34
v =0 /2, 1531.80+0.32 1529.78 + 3.38
= g*- —1/2 1535.0 + 0.6 1533.33 4 3.37
M, - (P 0 —2 1672.45 £+ 0.29 Input

G .S. Yang & HChK, Prog. Theor. Phys. 128,397(2012) ; Prog. Theor. Exp. Phys. 2013, 013D01



Heavy baryons

> Valence quarks are bound by the pion mean field.
~ Light quarks govern a heavy-light quark system.
o Heavy quarks can be considered as merely static color sources.

________ Z ()"
Kp ________ =11
00— =0"
B ool Q) Feree =12
000 —0-0-0-
000 —0-0-0-
'Z/bd S [3]1=D(0,1),
J=1/2

Meson mean field by N1 valence quarks

Suggested by the late D. Diakonov



Heavy baryons

Weight diagram for charm baryons without heavy quark c
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Modification of the Hamiltonian |
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Moments of Inertia and Sigma pi-N term: sum over valence quark states:
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Collective Hamihonian for flavor symmetry breakings
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Modification of the Hamiltonian ||
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Spin-spin interactions between masses of a soliton and a heavy quark c
analogous to hyperfine splitting in electromagnetic interaction
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Expression for Heavy baryon mass
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‘ No free parameters




Numerical Results for Charmed baryons
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Numerical Results for Bottom baryons
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Decay widths of heavy baryons
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In the NR limit (a; — — (N.+2), as — 4, az — 2), the coupling constant of 10 — 8 becomes zero:

1
Gro = —m—m—gay < (N42—4-1 = 0 (12

The coupling constant of 15; — 61 in the NR limit and N.-modification , Gg is the same as Gig:

Gg = —al_%az—aa = [(Ne-1)+2] -2-2 = 0. (13)

This might be the reason why symmetric contributions are very small comparing to those from O (m ) for
15] — 61.




# Decay This work Exp.
L OXrv(6,.1/2) » AF (3. 1/2) +27 193 189101
2 XE(6,,1/2) = AF(3.1/2) + 7 2.24 <4.6
3 2%6,,1/2) = AF(3.1/2) + 7 L0 1.8355,
4 X57(6).3/2) = AF(30.1/2) + 27 ¥ 1447/5 147870
5 %6(61.3/2) > Af(3.1/2) + 2% W 15.02/5 <17
6 %2(6,.3/2) = AL(30.1/2) + 2~ ¥ 1449/5 153707
7 E46,.3/2) - E.(3,.1/2) + = 235  2.14+0.19
8 29(6,.3/2) = E.(3,.1/2) + = 253 235=+0.22
Decay This work Exp.
2 (61,1/2) = A)(30,1/2) + 7 6.12 9.7°3%
Z,(61,1/2) = A)(3p,1/2) +7= 612 49553
2 (6,,1/2) > B.(30.1/2) + = 0.07 <0.08

N N B W = | 3

£5(6,,3/2) = AV(3p,1/2) +z~ 1096 11.5+28
37(61,3/2) = AY(30.1/2) + = 1177 75423
53(61,3/2)—@,,@0, 1/2)+x V¥ 0.80x5 0.90+0.18
E.(61,3/2) = 5,(30,1/2) +z ¥ 128x5 1.65+0.33
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This
# Decay work Exp.(LHCJ )

Q.(15,.1/2) = E.(35.1/2) + K 0.339
15 L 1/2)+ 7 0.097

J— 3P 3/2) +x 0045

048 0.8=x0.2=x0.1

This
work Exp. (LHCB)

0.1/2) + K 0.848
L 1/2)+ K 0.009

c 1+2/ <= b c 61.1/2)—+—ff ().]69
Q.(15,.3/2) - ©.(6,.3/2) + = 0.096
10 Total 1.12 1.1£0.8+04
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decay Ref.|1] F.igl) = F}Sl)l Fig]) = l"g:ljlml) exp.
1| SH(6,.1/2) = AF (el Lzt 1021 102+003___9206+004 1 89009
2| TF(61.1/2) > AF(F| # decay Refl] | Tod =Tian T =T exp.
3| £96,.1/2) > A 3| 1| 5F(61.1/2) - A’B0.1/2) + 7 | 612 | 6.03£0.39  647+042  9.7%49
4| BF(6,.3/2) — AF( $9(61,1/2) = A%(3o,1/2) + 7° - 714+0.29  7.66+0.32 =
5| £+(61,3/2) = Ar@| 2| T;(61.1/2) - A2(B0.1/2) + 7~ | 6.12 | 6.89+0.39  7.39+0.42 Aty
6| £96,.3/2) > AFB| 3| =,(61.1/2) = =.(30.1/2) +7 | 007 | 0.07£0.01  0.06=0.01 < 0.08
7| EH61,3/2) = Z.@| 4| 7(61.3/2) = A%(B0.1/2) + 7+ | 10.96 | 10.83+0.52 11.63+0.57 11.5+28
8| =9(6,.3/2) = Z.( 20(61,3/2) — A%(3o,1/2) + n° — | 1204£040 12.93+0.44 -
5| $7(61,3/2) & A%(30,1/2) + 7~ | 11.77 | 11.64+0.54 1249+059  7.5+2.3
6 | =0(61,3/2) »Z,(30.1/2)+7 | 080 | 080+0.06 0.72+006 0.90=0.18
7| =7(61,3/2) = =4(30,1/2) +7 | 128 | 1284005 1.15+005 1.65+0.33




Soliton wave functions coupled by a heavy quark spinor

OO — ai D( + asdspe D,(S) 7 =3 D(S)
P ©3 pb ﬁ
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L () 2 (6)+ A0 2 (15) 1 (T5)
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_ (6)+ (0),,,(15) A(0),,(15)
o ( \f\[) 1’[)5@{—— 1 0% \[\[wBQ -1, 1) )7"?;3@ —-z.1, 1}

= sol1t.on wlth Joo1=0 =- soliton w1t.h J.=1
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Soliton

Full

# | Q.(151.1/2. 3050 MeV)decay | Ref.[1] rl ptotal) % p{total) exp. (LHCD)
0.(T15,.1/2) — Z.(30.1/2) + K 0.352+£0.040 0.659+0.055 | 0.352+£0.040  0.659 =+ 0.055
0.(151.1/2) = Q.(6,.1/2) +7 | 0.097 | 0.0914+0.036 1.036+0.149 | 0.060 +0.024  0.691 = 0.099
0,(151.1/2) = Q.(6,.3/2) +7 | 0.045 | 0.0424+0.017 0.482+0.070 | 0.014+0.006  0.161 = 0.023
9 total (0.48) | 0.485 +0.049 (2.178 +0209| 042740037 [1.511+0.119) 08+02+0.1 )
(Range) 0.44—0.53 L 20-24 ) 039-046 | 139163 05—11
# | Qu.(151.3/2. 3119 MeV)decay | Ref.[1] rl ptotal) % p{total) exp. (LHCD)
Q 0.879+0.100 1.646+0.140 | 0.879+£0.100  1.646 = 0.140
0,(151.3/2) = Z.(61.1/2) + K | 0.009 | 0.008 +0.003 0.067+0.011 | 0.0014 4+ 0.0005 0.011 =+ 0.002
0.(151.3/2) = Q.(6,.1/2) +7 | 0.169 | 0.158+0.062 1.811+0.261 | 0.026+0.010  0.302+ 0.043
0.(151.3/2) = Q.(61.3/2) +7 | 0.096 | 0.0904+0.035 1.027+0.149 | 0.0754+0.020  0.086 = 0.012
10 total (1.12)| 1.136+0.104 ( 455+£0.40 | 0.082 +0.080 f 2.045+0.135) 1.1+08+04
(Range) 1.03—1.24 L4.15 ~495 ) 089-107 L 1.91 —2.18 0-23




Assuming that the valence quarks are bound by the pion
mean fields, we can regard the nucleon as a chiral soliton.

> Formulating the most general expressions of the collective
Hamiltonian and determining all dynamical parameters by

using the experimental data unequivocally, we are able to find
the the collective baryon wavefunctions.

> Then we predicted the mass splittings of the baryon decuplet.

“ We also presented results of the masses and decay widths
for the heavy baryons (light quarks govern their structure !)
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