Excited Spectra of Singly Heavy Baryon
BERETRIMLIE

@ Northwest Normal University
With
«  Wen-Nian Liu(X]3&), Wen-Chao Dong(EX#) ,
Ji-Hai Pan(;&1278), Northwest Normal University (ITP)

« Cheng-Qun Pang (JE B #f), Qinghai Normal University
« Atsushi Hosaka(f®R1R. ), RCNP, Osaka University.

Thanks for the supports from NSFC 10565023

EoEBFEERYEE I SXBEKES Wit (Lanzhou March 25-28, 2021).



= Singly Heavy hadron: Spectra

= P-wave masses of SH baryons: Mass scaling
= A mixing Rep. of P-wave SH Baryons

= A QM explanation of Mass splittings

= Summary



Singly Heavy Hadron
:Spectra



B EKESF:D= CO, q=u,d,s PDGH6E0LANERIMMIE KRR

J=Y2+%o+1={0,1}+L

H.X Chen, W.Chen, X. Liu, Y.R Liu, S-L Zhu, Rept.Prog.

Phys 80, 076201 (2017)

=cd, D" ¢cu D =cu D =¢ d similarly for D*'s

See related reviews:
Review of Multibody Charm Analyses

-1 Mixing
(o DR 2N
. D’ 1/2(07)
D*(2007)° 1/2(17)
« D*(2010)* 1/2(17)
. D;(2300)° 1/2(0%)
was D(2400)"
Dj;(2300)* 1/2(0%)
was Dj( 2400]

D;(2420)° 1/2(1%)
Dy(2420)* 1/2(7")
D;(2430)° 1/2(1%)
D;(24ﬁo}“ 1/2(2%)
D§(2460} 1/2(2}
D(2550)" 1/2(7")
D’,(2600) 1/2(7")
was D(2600)

D (2640)* 1/2(7")
D(2740)° 1/2(7%)
D;(2750) 1/2(37)

FITTRIERLT

-P.A. Zyla et al. (Particle Data

Group), Prog. Theor. Exp.
Phys. 2020, 083C01 (2020)

CHARMED, STRANGE MESONS (C = S = +1)
Dt =cs, D] =< s, similarly for D:'s

See related reviews:
D Branching Fractions

Leptonic Decays of Charged Pseudoscalar Mesons

¢ Dy 0(0)
¢ D 0(?")
o D7y(2317)* 0(0%)
o D, (2460)* 0(1%)
+ D,1(2536)" 0(1%)
+ Dy(2573) 0(2")
+ Dj(2700) 0(17)

D% (2860)* 0(17)

D;5(2860)* 0(37)

(7


http://pdg.lbl.gov/2020/html/authors_2020.html�
http://pdg.lbl.gov/2020/html/authors_2020.html�
http://pdg.lbl.gov/2020/html/authors_2020.html�
http://pdg.lbl.gov/2020/html/authors_2020.html�

« PA. Zyla et al. (Particle Data Group),
Prog. Theor. Exp. Phys. 2020, 083C01

HEREFR/TF:B= bn

(2020)
\\
fft 1,«’2{0‘)\
B 1/2(07)
B*/B" ADMIXTURE
. BifB”fBE,fb-baryun ADMIXTURE
V4 and V,; CKM Matrix Elements
. B 1/2(17)
. By (5721)" 1/2(17)
« By (5721)" 1/2(17)
B5(5732) 2(7%)
aka B**
o B3(5747)" 1/2(27%)
o Bj(5747)" 1/2(2%) /
0)* 1!*}[%)/
Bjy(5840)° 1/2(7%)
.+ B;(5970)" 1/2(77)
+  B;(5970)" 1/2(7°)



http://pdg.lbl.gov/2020/html/authors_2020.html�
http://pdg.lbl.gov/2020/html/authors_2020.html�
http://pdg.lbl.gov/2020/html/authors_2020.html�

¥ ERNJKWKEF: Baryon=c q q, bqq

« PA. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

Charmed baryon mass (GeV)

(a) Charmed baryons
3.1 —
2= 20
29 — g0+
2+ 3=
B o 32t
1/2 m
172+
27 — 'S
T
32—
3/2 7
~ 1=, o
32t
2.5 —
2+
172+
—
2.3 4 7+
|V e
Ac Lc Zc Q¢

— 0.8

— (LG

— 0.4

— 0.2

= 0.0

Mass above baseline (GeV)

0.8 —

0.6 —

0.4 —

0.0 -

2020
2019
12t
- 32+ m
37 FD
1/2—
32+
| ]
T Q12 g
| V2 e
Ap Lp Zh Qp

(b) Bottom baryons
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P-Wave Spectra of SH
Baryons: Mass scaling



P-wave SH EFHEMBERESER

The spin configuration of diquark leads to )y = ], I = 0 = spinin Ag.
two type of diquark: scalor(spin=0) or ’ {uu, ud, ddy, |1 = 1 = spin,in Zo.

vector(spin=1),

.spin = 0, in
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I =1
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* In the HQS limit, the spin states of the (@5), = [us, ds],
‘ .spin = 1, in

quark-diquark system can be classified by {us, ds},

(L

that of diquark

For 1P excitations, one has AL AA  Good(scalor) diquark: spin=0
’ Bad(vector): spin=1

Good
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Ny =0 (J=1/2,3/2) 12P3; |3/27 @ ‘
[1a=® (l) ] ® 1; = [L" & i] @ 1;. > | (1P, 1/2)
S ’ S R (1P, 3/2)
- 7930837835 ® 5| _ (1P, 1/2")
%o, ZoW): I=1/2, 3/2,1/2,3/2'5/2 (17.32)
Q' — Q('J) vJ— ’ ) ’ ,5 u (IP: 5;3)




Spin-dependent/i&E: P-wave splittings

Depending diquark(spin=0,1) and the
strangeness, its mass m, varys, due to d=diquark
different interactions.

In the quark-diquark picture

H _ H Spin—indep. 4 H SD .
/ HD - (I1L-Sa-—({gL-SQ-E)SH—(?SG--SQ:‘

7 M, 2 Sp =35, - 18y -1 -8§; Sy,
(;U - ﬂ’fo); = qal + I:ma, + Mr{)(l _ bmjeQ ):|
) ) I,

(i) The spin-coupling parameter a, should be positive but smaller than AE(1P)
(i) a, is of same order with a, as a2/al scales as mss/Mc.

(iii) b should be smaller than a, and a, as b scales like 1/(my4M,).

(iv) c should be smallest, less than b as it scales as P-wave wave function near
the origin.

D. Ebert, R. N. Faustov and V. O. Galkin Phys. Rev. D 84(2011)014025,arXiv:1105.0583
M. Karliner and J. L. Rosner, Phys. Rev. D 92, 074026 (2015):arXiv:1506.01702



HERSETRES AN

FLE R f----Regge Fit

~
Parameters M, mg([nn|) a(A,) mg([ns]) a(E,) M(A,) M(Z,)
This work 1.44 0.535 0.212 0.718 0.255 2618 2.804
EFG[17] 1.55 0.710 0.18 0.948 0.18 2.617 2.808
Parameters M, my({nn}) a(z,) my({ns}) a(=l) M(Z,) M(EL)
This work 1.44 [input] 0.745 0212 0.872 0.255 2.774 2.923
EFG|17] 1.55 0.99 0.18 1.069 0.18 2.780 2919
TABLE V1. The masses (GeV) of the bottom quark d]ld diquarks, and the tension (GeV?) that match the measured spin-averaged

masses of the A, and the Z,, in Table I and the £, and the )}, in Table II. Here, the RMS error ygys = 0.001 GeV. The comparison with

that by quark model is given.

Parameters M, mg([nn)) a(Ay,) my([ns)) a(g,) M(A,) M(E,)
This work 448 0.534 0.246 0.718 0.307 5.917 6.125
EFG [17] 4.88 0.710 0.18 0.948 0.18 5.938 6.127
Parameters My, my({nn}) a(Zp) my({ns}) a(g,) M(Z,) M(E))
This work 4.48 [input] 0.745 0.246 0.869 0.307 6.088 6.248
EFG [17] 4.88 (0.909 0.18 1.069 0.18 6.090 6.228

D/Ds4)f----Regge Fit

TABLE 1X. The effective masses (in GeV) of quarks that match the observed spin-averaged masses in Table VII
and VIII, with a in GeV and the RMS error ygyms = 0.001 GeV. The comparison with that by quark model is given.
Parameters M, M, m, g al(ci ) a(cs) a(bn) a(bs)
This work 1.44 [input]  4.48 [input] 0.23  0.328 (0.223 0.249 0.275 0313
EFG [34] 1.55 4.88 0.33 0.64/0.58 0.68/0.64 125/1.21 1.28/1.23




Spin-dependent Mass: Scaling relations

We use the scaling relation based on the color-interaction similarity
between a singly heavy meson and a SH baryon, or partners between SH
baryons.

Scaling relation(JREFERR).

SH baryons. HL meson.

ai(Qgq)malqq) = ai(Qs)ms,
ar(Byar(e), ax(Byar(e)( 47 ), bO=bE)( 4 ):

++ - _ mg = — 328MeV ) 2 _ ) 2
gt @ = (52 () (ﬂimw )89. sMeV® = 39 4MeV’,

[1]

_ M =y — 328MeV , 2 _ 2
ar = (525 )ai(e) ( L )89. sMeV® = 33.6MeV’,

where m.=328MeV is given by fitting the D./B, mesons via the linear RT relation with
the diquark mass replaced by m, and a;(Ds)=89.4MeV?2 is determined by matching the
1P-wave Ds mass spilitting with the diquark d replaced by the strange quark s

M. Karliner and J. L. Rosner, Phys. Rev. D 92, 074026 (2015):arXiv:1506.01702



Spin-dependent Mass: jj representation

« When M,, is very large, the interactions except for the L-S; term suppressed by 1/ M, ,
and one can use L-S; rep. (Jj- rep. ), with the other interactions treated perturbatively.

 Notice that ( L-S;) =[j(j+1)-L(L+1)-Sd}(Sd+1)]/={-2, -1, 1} when j=0, 1,2,

respectively. The mass splittings becomes

j-J coupling (transforming jj to LS coupling ) AI\/I(.J J) :(.J j|HSD|J J)
(J.7) [(L + Sp)[(S12)|(Ss + Sp) M2(1/2,0) = —2a; — b

(12,0)] 0 1 0 MP(1/2,1) = —ay — L (a2 +¢) — +b
P 1 1| 1 . 1 i

(2.0~ : - | e - - L@=+o+b

S ) : £l MSP(3/2,2) = a; — i(c:h +¢)+ Lb

62| -+ [+ ]| -2 B T S

(5/2,2)] —+ El 1 MP(5/2,2) = a1 + % (@2 + ¢) - %E’ |

M. Karliner and J. L. Rosner, Phys. Rev. D 92, 074026 (2015):arXiv:1506.01702
Duojie Jia, W-N Liu, A. Hosaka, PRD101, 034016 (2020);




Mass splittings: 1P wave

Putting all togather and ignoring the spin-spin c-
term in the P-wave, one obtains

M(L

1) + M|

ﬂlf = =

M(1/2,0) = 2694.74 — b,
M(1/2,1) = 2722.64 — L,
M(3/2,1) = 2740.37 + b,
M(3/2,2) = 2795.63 + %5,
M(5/2,2) = 2825.63 — %b.
M(1/2,0) = 2855.76 — b,
M(1/2,1) = 2881.38 — L5,
M(3/2,1) = 2893.38 + b,
M(3/2,2) = 2938.62 + %b:
M(5/2,2) = 2964.62 — 13—03;:
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P-wave Mass splitings:
Bottom sector
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Spin-coupling parameters: scaling

Employ same procedure to the singly bottom baryons, one can find

S, c| ap = ( s )al(bﬁ) - (ijﬂi )89. AMeV = 39. AMeV-.

mg([gg])

= - — s 3 = 328MeV 1 _ 2
g, | @ = (2 )a() (Sﬁgmw )89. AMeV = 33.6MeV’.

With a;(bs )=89.4MeVZ2 determined by matching the 1P-wave Bs
mass spilitting given by H3P, with m, replaced by m..

() = %[M(Ag, 3/27) — M(A% 1/27)] = 5.3MeV

a(8)) = 2 [ME;,327) - ME;,1/27)] = 6.7MeV.
1. ) = —
M°(1/2.0) = 6009 5'=1 M°(1/2.0) = 6181 — b
" i, = - =
MP(1/2,1) = 6046 — b : M(12,1) = 6211 — Lo, |
i P i, = - e
M7(3/2,1) = 6050 + E”l o M°(3/2,1) = 6216 + b, °
1. e ] — o e
M°(372,2) = 6124 + & D, ME(3/2,2) = 6277 + Lo,
AO(5/2.2) = _ 3
M7(5/2,2) = 6130 = 55 2. M°(5/2,2) = 6285 — 3-b.

bI< |ai]/6 ~ 6MeV, |
6130 - 6120 <-RQM predctions




ERETRE: RELTS

R E (XeL =

States, J" Baryon Mass This work Baryon Mass This work
]35”3, 1/2* AL 2286.46(14) 2286.0 B 2467.87(30) 2469.1
]3!3']1-3~ 1/2- A (2595)7 2592.25(28) 2588.7 E.(2790)" 2792.0(5) 2778.6
]3P3;3~3;’2‘ A (2625)7 2628.11(19) 2628.9 E.(2815)* 2816.67(31) 28165
]3D3f-3~3;’2‘ A, (2860)7 2856. ]:;3 2857.3 E.(3055)7 3055.9(4) 3058.7
IEDSI-}S;’Z‘ A.(2880)7 2881.63(24) 2880.2 =.(3080)" 3077.2(4) 3079.7
]25”3. 1/27 ,r'k“ 5619.60(17) 5615.5 Zp 5791.9(5) 5792
]2!3"];3~ 1/27 (59]2)“ 5912.20(21) 5908.5 By, © 61169
]2P31-3~3;’2_ A(5920)° 5919.92(19) 5921.4 B, ( 6129.1
1293;‘2~3f2_ Ap(6146)° 6146.17 6144.8 B, 6376,9
IEDS;LSH_ Ay (6152)° 615251 6152.2 H,, . 6383.0

TABLEIl. The observed quantum numbers and masses (in MeV) [2] charmed and charm-strange baryons that contain vector-diquark.

The J" of some states indicated by the question marks are the quark-model predictions.

States, J" Baryon Mass This work Baryon Mass This work
]35”3. 1/2*% Z.(2455)*F 2453.97(14) 24527 B, 2578.8(5) 2580.0
]45'3;-3. 3/2% Z.(2520)*F 2518.41 j;’]%; 2517.8 E0(2645) 2646.32(31) 2641.6
1Z+1p, 7 Z.(2800)7? 2:_-;{]']:;:+ =/(2930)? 2931(6)

]35”3. 1/27 X 5811.3(1.9) 5811.0 E,(5935)" 5935.02(05) 5937.1
]45;!-3. 3/27 b 5832.1(1.9) 5832.0 E,(5955) 5955.33(13) 5955.0

1 ¥+p, 9 Z,(6097)77 6095.8(2) =,(6227)7 6226.9(2.1)

NS

.
J
=



Mass prediction: >,(6146,6152)

2019 LHCDb discovered two excited 2b(6146,6152) . Using the RT parameters fixed,
one has

M(1D) = My + Jm{ + [ma + Mo(1 — m3,, o/ u'g)]

= 4.48 + Fr x 0.246 x 2 + [0.534 + 4.48(1 — 4. 18%/4. 482)]>

= 6.14927GeV,

which agrees well (err=0.1MeV) with the observed spin-averaged mass
of the 2,(1D,J=3/2%,5/2%):

i = 110 (4 % 6146.17 + 6 x 6152.51) = 6149.97. ‘
EXp

The 1D-mass splitting via the scaling relation with the charm
partners A.(1D,3/2%,5/2%), in which S =0, so that

HD = (I]L . SQ = {-32-1}-(11

— alA(D)] = Z[A(52) - A(312))
a[2,(1D)] = @A, (ID)]( M. ) - 10.212( 14 ) - 5 08Mev,
M[=,(1D)] = M(1D) + {-3/2, +1}a;
which predicts as the Exp observed in = 6149.27 + {-3/2,+1}3. 28
LHCb (Err<1.8MeV): = {6144. 35, 6152 55}




A Mixing Rep. of SH baryons
:0dd Parity



Main idea
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A Mixing Coupling Scheme

GRE B R BUE L
T1/mgi L - SHJ
A RRK, &2t
NEZ 5
RN

K AT =T YR
F, ALY
TUAILLXT F A HSP
--Mixing coupling
scheme

- ARG
B—IL - SXHA
R %

JIA Duojie, J-H. Pan, C-P, Pang,

arXiv:2007.01545v2 [hep-ph]

£z

ail « [Ss + €So] + 6812 =~ a1l « S, as Mp - o,

State Mass (MeV) Width (MeV) JF Proposed
Q.(3000)° 3000.4 + 0.2 + 0.1 45+06+0.3 1/2~
Q.(3050)° 3050.2 +0.1 £ 0.1 0.8+0.2+0.1° 1/2~
Q.(3066)° 3065.6 +0.1 +0.3 3.5+04+0.2 3/2°
Q.(3090)° 3090.2 +0.3 £ 0.5 8.7+1.0+0.8 3/2°
Q.(3119)° 3119.1 £+ 0.3 £ 0.9 1.1 +0.8+04" 5/2-
Op(6316)" 6315.64 +0.31 + 0.07%9 < 2.8, 1/2-
0;(6330)" 6330.30 + 0.28 + 0.07%93 < 3.1, 1/2-
0;(6340)" 6339.71 + 0.26 + 0.05%9 < 1.5 3/2°
Qp(6350)” 6349.88 +£0.35 £ 0.05%>  1.4792 + 1.0 3/2°
T:(2800)** 2801+ 75+ 3/2°

=/(2930) 2042 + 5 36 + 13 3/2°
¥5,(6097)" 6098.0 + 1.8 29 + 4 3/2-
=} (6227)" 6226.9 + 2.0 18+ 6 1/2~




Spin couplings for LHCb JIA.Duojie, J-H. Pan, C-P, Pang,
measured css Baryons arXiv:2007.01545v2 [hep-ph]

L (ay - 4 2 (@ - a) + & 00 = L o by @b @ b
N L (a; - 4ay) (@ - a) v L MU = 100) = -4 (6+ Al( . al) + 1) : +cA;( L m)
2 (@ - a) + L |-S@+ fa)-b b : b
i a a ,oda - a
[_C 0 AMU = 1/2;1)=—T1(6— n( &) +%)—7+0A3(—§,a—1),
+ .
0| ;¢ :| / m b i 2b 0 b
AM(J = 3/21) = ‘al( Az(—l, a_l) + 4—(11 + T + CA4(G—1, a_l)
Fo-de  |S@-a)- o b 2 b
AMysn = - N = I T I R Vi L
o L@-a)- b |-+Qa+a)+ & MY = 32.2) = ‘“( Az( U ) da, ) "3 +CA4(G1’ g )
T o AM(J=5/2;2’)=a1+%—%+%:
v 0 %c ' e L .
—_— N — -2 - _ _ 2
AMrsy = ap + %ﬂz B % . %‘ A(e,x) = 4 + 12x% + 4x(5¢ — 2) — 4e + 9¢2,
Arx(e,x) = 1+ a2 = (1 +26) - €+ €2

5! Permulations fit

M = 3079. 94MeV,
{a1, a2, b,c} = {26.96, 25.76, 13.51, 4. 04}(MeV),

4-(2+6x+7e-3 fA(ex) )2/(2e-2+3x)2
8+(2+6x+7e-3 A1 (ex) )2/(2e2+3x)%

As(e,x) = AS(JAr - - JAr).

10— (40-24x+56+60 fA5(ex) )2/(10-10e+3x)2
20+(40—24x+5e+60 /A7 (ex) )2/(10-10e+3x)2

Aj(e.x) = AL(JA, - - JAy ),

i(e.x) =

v

Ai(e,x) =

ai(css) = ar(@)( ) = (89.4 MeV)(%) - 29.6 MeV,

B a-(cs) B 40.7 MeV B
aXess) = 4, = T3 9911440 - 241 MeV,




Inner-structure State |, js): 15,07 5. 1) 15,17 5.2) 5.2
M(QP): 30004 30502  3065.6  3090.2 3119.1

Of Main comp. 4P1};2(97%} EPUE(QT%‘-) 4P3;2(98(f‘f') EP_),JQ(QS%) 4105;'2

Excited css

. J = 12,7 = 0 = —0.164]2P1n) + 0.986/*P15), at 3000
ryon . f . ;
aryons J = 12,7 = 1 = 0.9862P1) + 0. 164/*P1»), at 3050
—I|lJ = 32,7 = 1) = 0.129P32) + 0.992|*P35), at 3066
J = 32,7 = 2 = —0.992]?P3») + 0.129*P35). at 3090
J = 52,7 = 2 = [*Psy), at 3119.
TEANE S T )
N5, Mixing #E& % J = % jl=0) = 0.711|%,; = 0) + 0.703|%,j - 1),
R INEIELSHA T T T T
Bz J= L - 1>=—0.7o3|7,1= 0>+0.711|7,1= 1).
S = 2 =) =098 3 = 1) £ 0.286| 25 = 2).
‘JJ'*%%%%% 3 . 3 . 3
J= 3.0 = 2) - —0286|7 - 1)+0958|7 - 2),

13,00 15,10, 15,10, 15.20,13,2) a1 a b M(P)
6314.5]] 6332.0.6337.8.6350.0.6351.5 9.02 4.44 7.92 6341.8

6315.4,]16332.1],6337.8,6350.0,6351.5 891 4.27 7.53 6342.0
6315.4,6332.0,16337.7],6350.0,6351.5 8.95 4.25 7.48 6341.9
6315.4,6332.0,6337.8,[6350.5],6351.5 899 4.01 7.12 6342.1
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TABLE II: Mass and parameters for two J¥ assignme:

200

Candidates / (1 MeV)

-
-
=
i -
-Tin -

observed masses of the excited Q. systems. All 2 « ¢ 100

measured masses are considered. The predicted m

bracket. All parameters except the Regge slope a in N 0

3000 3050 3100 3150
m(Z7 K) [MeV]

.00 13,1 3.1 13,2 13.2) ar a4 b ¢ a(GeV?) M(1P) M(2S)
[2995.0] 3050 3066 3090 3119 27.5 27.0 155 3.6 0316 3079 3244
3000 [3049.0] 3066 3090 3119 27.2 252 13.
1

T 4. 0.316 3080 3244
3000 3050  [3068.2] 3090 3119 26.7 248 154 5.0 0317 3081 3245
3000 3050 3066  [3095.4] 3119 28.2 23.1 144 23 0317 3081 3246
3000 3050 3066 3000 [3115.6] 26.3 237 147 3.2 0315 3079 3243
3000.4] 3066 3050 3090 3119  21.4 40.8 57 044 0314 3078 3242
3000  [3067.4] 3050 3090 3119 204 419 64 1.2 0315 3078 3242
3000 3066  [3051.0] 3090 3119 21.4 404 6.1 052 0315 3078 3242
3000 3066 3050 [3090.1] 3119 21.3 40.8 5.7 0359 0314 3078 3242
3000 3066 3050 3090 [3117.5] 21.4 39.7 57 -0.57 0314 3078 3241




Mean and its splitting for Excited bss baryons

= 8.98 MeV, @2 = 4.11 MeV, b = 7.61 MeV, M = 6342.0 M
| ‘State(JP}: |],/2 U’} |l,-”2 l} |"rf2 1) 13/2.27) 115/2.2%)
M€y, 1P): 63154, 6332.0 63378 63 50,{) 6351.5%

LHCDb

(]
=

20

—k
=

Number of candidates / 1 MeV

il

I

—+-Data
— Full fit

— Signals
Background

I r

i 1 el
: | [ |“: j u'!li . !.'| I l"l ||I|| i ||||| i | il ||"| R ;II i " i| || iy ; ||I
il At UK R g ' l L
0 .ﬁ.’ i I R l l| . |
500 550 600 650 700
M(EZK") - M(Z2) [MeV]



EXxcited spectra in Regge trajectories

(M — M.)?

mal +

md + M.

] —

b

Duojie Jia, W-N Liu, A. Hosaka, PRD101, 034016 (2020)

(M-1.44GeV)?
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Excited Baryons 2_{c}/=_{c}’ and Z_{b}/=_{b}" #

3 - [15.37 MeV. |z,
Initial: c(cgg) = 0(0,5‘5)( Mgq ) = 1 50 Mov 1=
: eV, | =..
. M. 1.73 MeV,|Zs. |
Initial: c(bgg) = c(c.s*.s)( ;;,{; ) E—{E) = { I8 Mev =
- >|—b- |

[nitial input @y a b ¢ M(1P)
ﬁ%}ﬁ‘;ﬁ{ﬁ-ﬁq_ﬁﬁ E-‘/I%I%ﬁ 2o(MeV) 394 26.8 20.1 5.37 2774.1
=.(MeV) 33.6 253 17.9 4.59 2923.0
*p(MeV) 12.7 8.61 6.45 1.73 6088.4
= (MeV) 10.8 8.10 5.76 1.48 6248.2

State: 15,0, 15,1, 15,1), 15,2),15.2) a1 a b ¢ MQAP)

2.(MeV) 2668.4,2723.1,2757.3} 2801.07, 2826.6 39.96 21.75 20.70 7.85 2776.4
=.(MeV) 2840.6,2881.6,2908.91 2942.31,2969.5 32.89 20.16 16.50 7.17 2925.9
2,(MeV) 6053.9,6071.8,6082.8L6098.0T,6104.8 12.99 642 6.45 1.73 6089.1
Z,(MeV) [6226.9%, 6235.8,6243.4,6252.3,6262.5 9.37 6.29 5.76 1.48 6249.1




A QM explanation for
Mass splitings



Mass splittings of Light baryons in QM

N(2300)1/2°
N(2250)9/2° \

N(2220)9/2"
N(2190)7/2" §
N(2150)3/2°
N(2100)1/2"
N(2060)5/2"
N(2040 :yf\};
N(2000)5/2" —

N(1990)7/2" —

)

)

)

)

)

)

)

)

)

)
N(1900)3/2* —
N(1895)1/2, 7
N(1880)1/2%
N(1875)3/2 //
N(1860)

)

)

)

)

)

)

)

)

N(1720
N(1710)1/2*
N(1700)5/2° ”
N(1680)5/2" //f y
N(1675)5/2 /f f
N(1650)1/2"

N(1535)1/2"
N(1520)3/2" '

512%/

.' |

N(1440)1/2% !

N(939)1/2"

3/2° %

N(I=1/2)
exp

-

Mass/(MeV/c?)

2000

A(2420)11/2
5{249D}9f2
e T T - A(2390)7/27
)
)

exp

+++++++++++

— A(2350)5/2
—————— — A(2300)9/27

e .. — A(2200)712
_— A(2150)1/2°
\ , A(2000)5/2°

f + A(1950)7/27
3 '/, A(1040)3/2°

%,; A(1930)5/27

1800 [~

1600 |~

1400 -

)
)
)
)
i
== /- A(1920)3/2
—— \ A(1910)1/2°
A(1905)5/2
\ A(1900)1/2°
— A(1750)1/2
— A(1700)3/2
)
)

— A(1620)1/2
— A(1600)3/27

— |V
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1200 -

= V+S+ (%)L(j‘j ¥ SO)
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i 2ng
SJ+SQ 1 (L' _ V-rr)S .
mgmg Imgng T 12

1000 |~

(V1S + S,
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Spin-couplings in Relativized

QM

* QCD analogues of Breit-Fermi

interaction in QED(in nonrelativistic

version)

* IT can change due to the recoil of

the charm quark
(not heavy enough).

m p‘fE i

_ 1 V-5 2V
a = 2mg I: M i + mor :I:
_ 1 V'-S 2V
a; = 2mp I: mor + mgr ]:
_ 1 JPE 7 A 4
b = 3mgmp (Vf? V) ¢ 3mgmg

nr)y - W)

EiEo ) ’
~ 1/2+¢5/2 12+e5/2
- - frE) so(EE)
noooo0o0Oooooon / ; o
F(r) = 1 — e
( 72 2 2 .
mp”\/m'- +p° =J1-vii = 1,2 k ‘
: : V- —-—=F (7)
4o artg Ies
. 1 _;nd H1 M F _ LI _ m ??’I~ a
- m <(1 T e )( E4Eg ) ks "3 r’ ) ( E3Eg ) ' >
o 1+eyp . o l+eg
_ 1 my m gm F_  F . mamo m ga
a2 = Tgmg <(1 T Zmg )( EJEO ) ks( r3 r2 ) ( EﬁEg ) 2mgr >’

1+ey
m g ' ' |
_ ks — (3F/r3 — 3F'/r2 + F'Ir),
3mgmg EGES
1 I
e = 2 (e VU RE ) - [ dF REGP ]
S - ;rE g nL nL 5




Rela-ﬁvized QM « Use RQM solve wavefunction and apply the

Breit-Fermi formula to
Compute the spin couplings

|  Put form factor F(r) for short-range part
H = \/mé, + p* + ‘/mf; +p* + V+ S,
V = =kir.S = ar + Co. k; = 4a,/3.

o i

F(r)y = 1 - g-&r=ir?

. , ks .
o V.- —-==F().

o

State mg alGeV?] @y &GeVT) ((GeVTY) & e

m ™M ™

° Q. 0.316  0.561 }
= 991 0.818 0.11  -0.10 2.65
‘ Qp 0.318 0.543
= 0.255  0.590
872 0.820 0.12  -0.06 2.20
=z 0.307  0.545
Ze _ 0212 0595
745 0.850 0.12  -0.05 1.80
2p 0.246  0.549




Spin-couplings in
Relativized QM
I _

css:{ai,a,,b,c}={26.96, 25.76, 13.51, 4.04}(MeV)

 Spin couplings
e Scaling law tested

uy aglGeVl]

State  ugq4 7 v  HdH dj a» b c
Q. 1291 681 909 1016 596 2.248 28.52 27.03 15.32 20.73
Qp 1379 1054 789 1034 840 1.701 10.30 10.25 5.61 9.26
=. 1153 640 805 900 554 2.256 30.15 27.98 16.54 20.35
EL 1273 992 787 912 757 1.882 11.42 11.06 6.14 9.82
> 1017 596 728 777 504 2.283 35.46 3096 19.10 20.44
Xp 1117 894 703 781 665 2.130 1393 11.15 6.61 8.93

‘ bss:a,=8.98 MeV, a,=4.11 MeV, b=7.61 MeV
oo ratio: r1 ) b |71 | Maten | |72 | atazen | 175 | Mateh
UOD To,0. -Jo.3610.3797]0.366*|[ 0.33 | 0.16 | 0.56
H =,/=. :10.379|0.395 | 0.370 0. 28 0.31 0.35
p/ze 10.39310.360 | 0.346 0. 33 0.29 0.31




Summary

0 We re-examine the low-lying spectra of the SH baryons in Heavy quark-
diquark picture, combining with Regge approach. We find that a linear
Regge relation, derived from the rotating string model, is sufficient to
describe the low-lying spectrum of the SH baryons. This is supported
strongly by precise mass calculations of two A,(6146,6152).

0 We predict that quantum numbers of some parity-odd charmed/bottom
baryons:
>¢(2800/=c’(2930) : 1P-wave J° = 3/27;
2b(6097/=b’(6227) : 1P-wave J® = 3/2-, 1/2-;

O We provide an QM explanation why the SH baryon mass splittings are
normally smaller than QM predicted and thereby the mass patterns of the
Excited Omega_c,b; The mass scaling law is valid roughly.

Thank you!
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We propose the slope ratio between the radial and
angular-momentum Regge trajectories to be :2,

and the mass M of mesons/baryons to be shifted by .,
the effective reduced mass of the heavy quark and light
(anti)quark:

L.a=nxl2

M —(M — 1.0)]? =7za(L+%nj+a,

kmq

1+ kmq/I\/IQ

Hqq

2 2
a, _(mq+MQVQ )

Duojie. Jia*,Wen-Chao Dong, Eur. Phys. J. Plus (2019) 134:
123 arXiv:1811.04214
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® % —[0000QED [ e

@ U000 O(mass and lifetime)
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BE3iE W) BRRSEAEIE
2% mm)y  SEEEEEEEE
5B L # QCD ?

The body of hadrons are
INCREASING steadily !!!

AN
‘-I AE = hy
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ZZHERT:

1R E

(M-Mg)2=Tt bL+c

The linearity confirmed
provided that

---the mass is shifted by M,
---the inverse slope is

halved
K. Chen et al., Eur. Phys. J. C
(2018) 78:20
5 . . . .
= (0.727L+0.849)
4_
N% 3_
&
oL 2r
o
£
=
U_ 4
.l 2. baryons (EXP) |

-1 0 1 2
L

3

4

A _(0.615L+0.531)

.-\h(0.525L+0.54?]

A, and A baryons (EXP) |

L (0.692L+0.876)

I baryons (EXP)

-1

0o 1 2 3 4
|

= (0.711L+0.868)
_(u 670L+0.868)

| =, elmd ?b baryorlis{E!:G) |

A _(0.615L+0.527)
—
A, (0.605L.+0.526)

A, and Ay baryons (EFG) |

T (0.683L+0.842)
.-:;—
(D 600L+0.861)

I and I baryons (EFG)

0o 1 2 3 4 5
|

6

= (0.752L+1.115)

Z,(0.6591+1.139)

;c and N baryons (EFG) _

0 1 2 3 4

5



A. V. Anisovich, V. V. Anisovich et al., Phys. Rev. D62(2000)051502

%ﬁ%n#%&g& %P I\/.IaSJuan E. R. Arrlola et al., Ph?/s Rev. D85(2012) 094006
MERT_E s i
| 1
Anisovich i 4
M? = M§+n(1.25t0.3)GeV2 2
M? = MZ+J(1.25[£0.15)GeV? .|
> I
Masjuan,E. R. Arriola :: ‘
M?=M¢+n(1.38+0.3)GeV?*
M? =V, +J(1.16£0.04)GeV? |
S. S. Afonin, Mod. Phys. Lett. A 22, 2
1359 (2007) 't

M?=b+a(n+J)

Slope= 0.6 =0.1 GeV?
=1.25 Z2¥



) P. D. B. Collins, An Introduction to The simplest singularities are poles
= :| N Regge Theory and High-Energy
EEI - }E——:‘v@ Physics (Cambridge/1977). I(Reg(glvel)pOI(e())): M2 M3
= =q + o' +a'’
Regge (1959,1960) O OO 0O O O O

00000000 @®MOO0ODODO0OO KeRdzu
0000D000oO0ooOooooooO g LU+l /798 if E<0
O0000000ORegged 0 OO0 L +1+i/k)

pole | E=k>/2-(me*/n?)

ooooddttddni Feynman
Joooooooood¢uuoun ;
J---00dddddoooooonn

a(E)=-n -1+ L

,E<O
WAt AR 18 1 32 9 31 R A % (poles) : V=28
[0 Reggel [ O | |
& % Regge#h 75 & 7 DA xt b 2 b 430 ¥
(E<O)fvg o (E>0) W4 , b4
m =2 E=- > (me?/7?)
’ 2(n, +1.+__]:)
0 il *
E

- -}
el
Fic. 3.1 Roegee trajectories far the Coulomb potential from (3.2.28). For
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ERFEHLER

® SIMPLER to understand (QCD/Models):
With one heavy quark, many Simplifications
/approximations apply (HQ symmetry, |
diquark pitcture, Heavy-light #%[R.),

HQHHEN ysmgcsmﬁﬂt;l

More things concerved.:

heavy quark spin
heavy quark velocity -

Center-of-mass easier to be removed

CIVE Gkt h ik o
WA FAERE /W e
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Low-Energy QCD:
Effective Quark and
String pictures



BMRT: - MHHENZEE YV

IS connected by a flux-tube (string) and string

C Ass_uming guark and antiquark in a light meson @
rotates relativistically with the ends having T q
speed of light (massless quark limit). O 0 O
so that the small piece of string at r rotates with q —T \l
c=r/ "
vic=rlr :
¢ 0 E=Mc*=2 kdr = kr,z
| o J1—(v/c)?
 Total energy and orbital angular ,
momentum of system are J = 2 (o krvdr k7
hc? Jo \/1_ (v/c)>  2hc
V =Kkr -
o If one starts with V' =k*r”
o 2 1
J oc E@/n) J=a'M “+const., a'=1/(27Kic)

which is linear Regge iff n=1
Fora'=0.93GeV *(1/ a'=1.075GeV ?)

Y. Nambu, Phys. Rev. D10, 4262 (1974) k=0.87GeV / fm=0.17GeV 2
T. Goto, Prog. Theor. Phys. 46, 1560 (1971)
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$QCD: 1EiEE

R R

Z = Zq [lﬂ/a _]q| trGG .S(Qz) v Tdecays (N>LO)

a DIS jets (NLO)

8 O Heavy Quarkonia (NLOQ)
031 o &'¢ jets & shapes (res NNLO)
e e.w. precision fits (W3LO)
v PP —>jets (NLO)
v pp —= tt (NNLO)

Py, €y PaiCy 02 L
g s,
0.1+ b i
Pt Pty = QCD 05(My) = 01181  0.0011 z
OO0OQEDUQCDU D OO OO O 1 Q[GeV] 100 1000

00GoO000D0/00000(@O
00)/00(0)00 /000 0SSB



KIEQCD: BEFE¥
_— ‘T q

QEDHHL J12k QCDW /)& ¥ 5 QCDH- 4 i
A » e
Veonfining () = T +br+c o | ﬁzg
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—-

BIHQQ MY i o KRB & R
>

s b
e JOOUOOOODODOOOOODODO 0 1

eJQCDUOOOOOOONO
00 0 0 0 QuarkD O O O O O De Rujula-Georgi- jeiz pavsb %
Glashow, Godfrey-lIsgur(Capstick) 0 S RSNt OIRNRL
-0oooCbUi iU bOULL 6 s pali, Phys. Rept. 343, 1 (2001).

O OO T. Kawanai and S. Sasaki, Prog. Part. Nucl. Phys. 67(2012) 130
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Questions:

= AWM RER T FHE Tk M % RRT?

= WP@BERERM FANE FHRTE & 2 KM% E
i i 127

= WRBERERE FTHPEMES R? SR NWE
i K8 E?
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Questions:

= AWM RER T FHE Tk M % RRT?

= WP@BERERM FANE FHRTE & 2 KM% E
i i 127
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i K8 E?
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K. Chen, Y. Dong, X. Liu, Q. F. Lu and T. Matsuki, Eur.
Phys.J. C 78, 20 (2018).

Analysis for the whole HL systems of
mesons and baryons suggests that
Instead of mass itself, gluon flux
energy is essential to obtain a linear
trajectory

Finding: RT for HL systems are flavor

independent IF the eff. Heavy quark
masses mg subtracted.

Slope= 0.6 *=0.1 GeV?
=1.25 Z¥

(M —M,)? =aL +a,

shifted Regge relations

(M-m )*GeV?)

D(0.665L+0.130)

D and B mesons (EXP)

D,(0.739L+0.195)

DS and Bs mesons (EXP)

0 1 2 3 4
L

A (0.615L+0.531)
J

A, and Ay baryons (EXP)

T (0.692L+0.876)
T

I baryons (EXP) |

0 1 2 3 4
L

(M-m_)*(GeV?)

(M-m_)*(GeV?)

D(0.835L +0.042)

DS and BS mesons (EFG)

(5]

N

(5]

N

=Y

=Y

0 1 2 3 4
L

A

(0.615L+0.527)
o —

Al and Ay baryons (EFG) |

z

(0.683L+0.842)
o
Z (0.

I and I, baryons (EFG) |

0 1 2 3 4 5 6
L



Duojie. Jia*,Wen-Chao Dong, Eur. Phys. J. Plus (2019) 134

&{E*&é*ﬂ }j\%_ 123 arXiv:1811.04214

c EHE AR ENRE L 5, ALLTE:
e The I(3000)° : 3P state,
» B,(5840)/B, (5970): 2S,

D(2P) = 2908MeV

D(2D) = 3148MeV.

waiting for forthcoming Belle 11
and LHCb experiments for test

TABLE V: The trajectory parameters (', @) in (4) and predicted by Ref. [47]. The unit of the ¢’ is in GeV~~.

Traj. Parameters cii(natural J”) c5(natural J¥) bii(natural J¥) b5(natural J”)
This work(a’, ag) (1.21,-0.52) (1.01,-0.72) (1.04,-0.97) (0.86,-1.13)
(0.494,-1.00(4)) (0.469,-1.10(4)) (0.254,-6.30(36)) (0.249, -6.43(51))

EFG (o, ap) [47]
(0.548,-3.21(12)) (0.497,-3.16(12)) (0.263,-8.77(47)) (0.259, -8.87(58))




RTRIZEEEBY—MBIE

MMHLRITEA S, 5B

WKBIL T oAt H=M,+ \/1]'2 +mg + gTr +Trg

Why /2 in mass relation?

i
I ——].
|

7T
> I\/IQ+|p|+ETr, Mg >>1

E-Mgy)/a
2 [ (E— Mg — alx])dx = n(n + b),
W []'

a = nl /2, that is,

(E—Mp)* = na(n+b) = :rT[gn+ ;—Tb)

g q ‘ q Q9 q q
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= Assuming linear confinement between quark ® Q ®
and antiquark in a light meson as string ST

indicated, >l

= the, spinless Salpeter Hamiltonian

m m
£ | F— (A1)

J1-ve J1-vi P aj Vi-u? a_movg  Mgvg

W l_yiﬁ_ | — 2
mglgfﬂl mtd;’m Zf _wdu_ 2du (A2) S Q
1;’1—1(} 1#1—1d @’ 0.d/0 V1-i?

m m
_mg
my = ————, (A3) a m 1, -
E=M =4+ | + O[],
1«*1—1(} 1!1—1-*3, QHH‘”ZQ”&J e ar}ﬁtQ - Oyl
: (A8)
to rewrite (Al) and (A2) as
a . . wl = my 4 MQLQ - F—i i ?,E, + Olvg].
E = Mg + my +—[arcsin(v,) + arcsin(vg)],  (A4) o4 my) 30
@ (A9)
1 , .,
L= ; [MQ“E_,_: } mdl’,}} Using Eq. (A7) and upon eliminating @, Eqgs. (A8)—(A9)
! combines to give, when ignoring the small term m/m,,
d . . . 2
b5 Z larcsin(v;) — vy /1 = v7],  (AS5) 2

i=0.d (E—MQ)E = mal +4 (md f FZ) —2mPy. (A10)



Summary of the Cornell parameters and the quark mass determined from lattice QCD. For comparison,
the corresponding values adopted in a non-relativistic potential (NEp) model [3] are also included.

QM FIRIE K FRIE -

This work Polyakov lines NRp model
0.861(17) 0.403 (24) 0.7281
0.394(7) 0.462 (4) 0.3775

mg [GeV] 1.74(3) o0 1.4794

ﬁ%1%1'ﬁ3 S f/? [GeV]
|

o BRIEWRIE] ISR B EEECHE
1EH A

» Also From the state-average of
the 1/r interaction which depends
on radius of meson considered

* The linear parameter b is roughly
F-independent

T
This work —H=—
Wilson loop —&—
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Vgo(r)=br+c——

:
ERscE

K<E> AL o Au b

r Radius
by Radius oc 1/(z,,+/b)

l

Binding among
HF/strangeness

T. Kawanai and S. Sasaki, PRL 107, 091601 (2011)
T. Kawanai and S. Sasaki, Prog. Part. Nucl. Phys. 67(2012) 130
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Mean-Mass and Splittings
of Heavy Hadrons
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1. Full balance: HERFNEEKE T

TEEARAT ;S = AR
2 E/NO freedom to adjust.

2. B E/TE BE 15853

: KRZFLALE

e

M.Karliner,J. Rosner, PRD 90, 094007 (2014)

A = 4b (Mesons)
A = 4a(Baryon)

M = Zm +AS S + B(Qs/QQ)
mm; —

4. [ ORGSR E S
—_—
Quark In a meson  In a baryon
u,d  ml; =310 b 4= 363
S mit = 483 m? = 538
c m —1663.3 m’=1710.5
b mP* =5003.8 m?=>5043.5

ABLE II. Quark model description of ground-state mesons
containing u, d, s. Here we take my = mjj = my = 310 MeV,
m" = 483 MeV, b/(m')* = 80 MeV.

State (mass Expression Predicted mass
in MeV) Spin for mass [24] MeV)
(138) 0 2my t')f;',"(.i'irz""’)2 140
f)(??ﬁ). m(TBZ) | "m"" + thf(mmjlz 780
K(496) 0 -'”q my — 6b/(mgm) 485
K*(894) I my + m{ +2b/(mym{) 896
$(1019) 1 2m™ + 2b/(m™)? 1032
TABLE I. Quark model description of ground-state baryons

containing u, d, 5. Here we take m} = m%, =m} = 363 MeV,
m? =538 MeV, and hyperfine interaction term a/(mb5)* =
50 MeV.

State (mass Expression Predicted
in MeV) Spin for mass [24] mass (MeV)
N(939) 1/2 3mb —3af(m})? 939
A(1232)  3/2 3m} + 3af(mb)* 1239
A(1116) 1/2 2ml +m? — 3a/(m}) 1114
X(1193) 1/2 2ml + m? + af(m})* — 4a/mim? 1179
Z(1385) 3/2 2mb + ml + af(mh)* + ’?a,/mbm"" 1381
=(1318) 1/2 2m? + mf + af(m?)* — 4a/mbm? 1327
=(1530) 3/2 2mb + m” + af(m?)* + 2a/mim? 1529
Q(1672)  3/2 3mﬁ + 3a/(m?)? 1682




TABLE VII. Contributions to the mass of the lightest doubly

Ei %Ei? ° ﬂ%gi?}ﬁ% charmed baryon Z,,.

Contribution Value (MeV)
B (QS / QQ) 2mb + md 3783.9
| : > |cc binding —129.0
Pair g1¢2 B(qiq2) B(q1q2) a,./(mb)? 14.2
cs 35.0 70.0 —4a/mhm? —42.4
bs 41.8 83.6 Total 3627 £ 12
ce 129 258
be 170.8 3415 M(Z ) = 3621.40 = 0.78 MeV [LHCDb]
“ =L M.Karliner,J. Rosner, PHYSICAL REVIEW D 90, 094007 (2014)
State (M in MeV) Spin Expression for mass _ Predicted M (MeV)
A.(2286.5) 1/2 Zm +m 3.5;/ (m 5256 [nput
L.(24534) 1/2 2mb + m? +a/(m —4af(mbm?) 2453 4440
L;(2518.1) 3/2 qu +mb +af(m})’ + 2a/(m®m?) o518  2507.7
E,(2469.3) 1/2 B(cs) + mg +m? +mb -3a/ (m m’) 2468 4753
£ (2575.8) 1/2 B(cs) +m} +mh +miJ +a/(m m?) - 2af (mim?) - 2a,./(mim) 2578 25654
E,(2645.9) 3/2 B(cs) + mb -+ mb + m? + a/(m m?) a/(m m? +a“/(m m?) 2445 2632.6
Q,(2695.2) 1/2 28(£5)+2!?1 +m +af(m?)? - 4a,,/(mim?) 2695.2 2692.1"
7(2765.9) 3/2 2B(cs) + 2m? +m? + af(m?)? + 2{1{.5/(.'?1"’:?1”) 2765.9 27628

“Difference between experimental values used to determine 6a,./(m’m?) = 70.7 MeV.

o BT S BE 18 o
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» Using heavy quark-diquark picture,
One can do the same fit for the HL
baryons, to propose a mass relation :

1. Heavy quark masses, fixed by HL
mesons, can be used to determine
the massed of scalor gq and gs
diquark fitting the data in 4MeV
error

Without any potential assumption
4. Once Traj. given, it is of predictive

I

Duojie Jia, W-N Liu, A.

diquark

Hosaka, PRD101, 034016

¢

(2020)

S

Proposal for HL baryons

:Lf L

Mo + ‘/ch(ﬂ + Ln) + au

2 2
m bareQ

M3

dy =

ol )

TABLE IX. The effective masses (in GeV) of quarks that match the observed spin-averaged masses in Table VII
and VIII, with @ in GeV and the RMS error yryms = 0.001 GeV. The comparison with that by quark model 1s given.

. . Parameters M, M, - ¢ cit) 5§ ) a(bmn) a(bs)
Numerical results: - : mame el a ( (
This work  1.44 [input]  4.48 [input] 0.23  0.328 0.223 0.249 0.275 0.313
EFG [34] 1.55 4.88 033 05 0.64/0.58 0.68/0.64 125/1.21 1.28/1.23
Traj. Q0 =c Q = b

A [}

1.37059 + 5/0. 827665 + 0.714879(L + nn/2)

4.40982 + §/1.48262 = 0.790019(Z + nn/2)

[1]

o |1.34907 + /1.24725 + 0.890221(L + nuf2))

4.37522 + 5/2.02969 + 1.038(L + nul2)

EFG:

D. Ebert, et al., Phys. Rev. D 84, 014025 (2011)
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Regge-like i & < RRVERE

= Both the heavy quark mass M, and short-distance Binding B need
to be removed from hadron mass M In order to restore the linear
Regge trajectory;

= The square root in M Is due to relativistic motion of flux-tube
(long-distance glue-dynamics) in chiral limit, as Nambu and others
llustrated.

= The factor Aremains to be explored, universal/flavor-dependent?
%
\ "\
\

W
VY Mg N S S
My = Mg — k T+ miy J ﬁ:b(ﬂ TL”) iy

Duojie. Jia*,Wen-Chao Dong, Eur. Phys. J. Plus (2019) 134: 123 arXiv:1811.04214
Duojie Jia, W-N Liu, A. Hosaka, PRD101, 034016 (2020); arXiv:1907.04958:
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With dynamical computation by spinless BS Hamiltonian we show that
(IJMPA,2017) NO shift by quark mass m happen but mass corrects the slope
and squre-root flux-tube part onlinearly:

M = £§+1j\/2a(L+3/2—2aS) _om? +
CN

(4/3)ac,
J2a(L+3/2-2a,) - 2m’

+V,

c [y em w7
" 3(L+3/2) a(L+3/2)

2 —
(M —V0)2=2a[§+ 1 j[L+§—5as}ocL

Flavor-dependent 2Cy, 2B
due to m !n (s af, e 2 2\ 2
Regge tra). ~2al2 2|0 3(L+3/2) a(L+3/2)

Jia Duojie,C.Q Pang,Atsushi Hosaka, Int. J. Mod. Phys. A 32 (2017) 1750153;
arXiv:1706.02788v1
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0000000000000 O00D00000O0O0O00O0O0O0
0x,,/2,,00000003/2-00 OOLHCh20190 00000 O
A(6146,6152) 0A,O0DOOODOOCOODOOOGell-mannd OO
0000000000000 00000O0O0D000O0O00O00O

WMEE, /A, ZEHBERASDEFE  Duodjie Jia, W-N Liu, A. Hosaka,
PRD101, 034016 (2020);

wkably well with the observed spin-averaged mass 6149. 97MeV of

orted very recently by LHCbeite: Lamdab19: arxiv:1907.04958:
UTA (E1A6Y0T = A14
E&P{ M[A(6146)°] = 6146.17 £ 0.33 £ 0.22 £ 0. 16MeV, E - 1:-._;___
' MAR(6152)°] = 6152.51 £ 0.26 £ 0.22 £ 0. 16MeV. ?‘:Pl K =
ce 5/2 inqL . SQ between the 5/27 and 3/2* states, one can extre Baryon Mass This work
= = [A(52%) = A(3/2* = 10.2 T i i
)] = [Ac(527) = Ac(3/27)] 10. 21MeV. The scaling rel = 2467 870300 2601
E.(2790)* 2792.0(5) 2778.6
a[A(ID)] = A (ID)]( } jg) = 3.28MeV, =, (2815)" 2816.67(31) 2816.5
) : =, (3055)* 3055.9(4) 3058.7
MeV), by Eq. (ref: HDw). =.(3080)* 3077.2(4) 3079.7
_3/2 _ N - -
MA(D)] = 61493 + 3.28| |2 z, 5791.9(5) 5792
0 |1 =, 6116.9 |
— =, 6129.1
thesy { [ T S
0 6152.6 =, U 6383.6

J = 3/2+.5/2*%, respectively. This 18 in good agreement with the o
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