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Hadron categorizations‘

® Coaryon
meson(gq) baryon(ggq)

Conventional
Quark Model

Exotic
p) Hadron
T
- ;
molecule glueball hybrid
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|SU(3) and SU(4) multiplets\

O Since the quarks are fermions, the state function must be antisymmetric under
Interchange of any two equal-mass quarks (up and down quarks in the limit of
Isospin symmetry). Thus it can be written as

' qqq ) A = |color) 4 x |space, spin, flavor ) g
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SU(3) and SU(4) multiplets

OSU(4) multiplets of baryons made of u, d, s, and ¢ quarks. (a) The 20-plet with an
SU(3) octet. (b) The 20-plet with an SU(3) decuplet.
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OSU(4) multiplets of baryons made of u, d, s, and ¢ quarks. (a) The 20-plet with an
SU(3) octet. (b) The 20-plet with an SU(3) decuplet. Qp (ssb)

X, (uub)  Zp (udb) T (ddb)

6,

Ep (usb) =5 (dsb)
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AV (udb)

OSU(3) multiplets of bottom baryons. 3. PDG.2018
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Charmed and bottom baryons

O (a) The 24 known charmed baryons, and (b) the 9 known bottom baryons

(a) Charmed baryons (b) Bottom baryons
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Categorization of P-wave bottom baryons

O The internal structure of heavy baryons is complicated and interesting:

A-excitation and p-excitation

heavy baryon (Q-q,-9,):

J=5Sg+Sq1+Sg2+1,+1

=sq +(Sqr+s2+l+ 1),

12



Categorization of P-wave bottom baryons

O | gqq) 4 = | color) 4 x | space, spin, flavor ) g

,=1(A)
z,,,—o

3¢ (A)

[,=0(S) &

=1

5;=0(A)—>» 6 (S)— ji=1:

s;=1(S) —>» 35 (A)

5;=1(S) —>»6p(S)

s;=0(A)—> 3 (A)—> ji= 1

Em(z,2) Qu(z,3 [6F,1,U,p]
S0 (37) 37.0.1.,/]
= (47,8) [3p.1,10]
=,(3,%) [31.2.1,0]

bo (3) Qo (3) [6,.,0,1,4]
Qu(3,3) [65,1,1,4]

th(%:% ) [ F,2,1,A]

Ey (1,9) [3¢,1,0,1]



Categorization of P-wave bottom baryons

O | gqq) 4 = | color) 4 x | space, spin, flavor ) g

color space spin flavor configuration
5,=0 (A)—»6p (S)> ji=1: 2y, (3,3) Ep(z,7) Qu(1, %_)I [6,..1,0,0]
ﬁf: (l) (A)® J1=0: Ay (37) Epo (37) 3,,0,1,0]
17 L) 35 (A) K> ji=1: Ay (3.8) Ep (5,8) [3p.L1p]
] Ji=2 A, (F,9) B, (5,9) [35:2,1,0]
o) Jr=0: 2y (3) Epo (3) Qu (7)) [6.,0,1,4]
5= 1(S)—> 6§ (S) =l Zy(5,3) EQ(3,3) Qu(s,3) [641,14]
ﬁij "V Ji=2 2 (F,8) ER(5.9) Qu(#,§) (6,214
s1=0 (A>3 (A)—> ji=1: Ay (57,8) By (5.3) [3¢,1,0,]




Categorization of P-wave bottom baryons

O | gqq) 4 = | color) 4 x | space, spin, flavor ) g
F'(flavor), ji, si, p/ Al

'!‘; O(A)_} 6F (q)_>jf_] E:‘hl 1_3 g_ Eh’l (% :%_) th (%_3 %_) [6F,1,U,ﬂ]

L,=1(A)

1,=0 ® Jir=0: Ay (37) S (3) 3,,0,1,0]

s;=1(S) —>» 3§ (A) Ji=1: Ay (7,3 Ep (3,3) [§Fa1:1:p]

) Ji=2 A, (3,5) B, (4,9) [35:2,1,0]
e =0Ty () ER (3 Qu(d)  [6,.0,1]
5;=1(S) —>»6p(S) =2y (5,3) EQR(s,5) Qu(3.,3) [64,1,1,4]

VR Ji=2 T (F,8) ER(5,3) Qu(f,9) [6.2.1]

5,70 (A)—>3p(A)—> ji= 1 Ay (,8) Ey (§.9) [35,1,0,/]



LHCb results

O Recently, the LHCb Collaboration reported their discoveries of two new excited
bottom baryons: E,(6227)~ in both A% K~ and Epm~ invariant spectrum,

%, (6097)% in A)m* invariant spectrum
=,(6227)” : M = 6226.9+2.0+0.3+0.2 MeV,
[ = 18.1+5.4+1.8MeV,
¥4 (6097)" : M = 6095.8 + 1.7+ 0.4 MeV,
I = 314+5.5+0.7 MeV
¥,(6097)” : M = 6098.0 + 1.7 4 0.5 MeV ,
[ = 28.9+4.2+0.9 MeV.
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LHCb results

O Recently, the LHCb Collaboration reported their discoveries of two new excited
bottom baryons: E,(6227)~ in both A% K~ and Epm~ invariant spectrum,
%, (6097)% in A)m* invariant spectrum

=,(6227)" : M =
' =
¥,(6097)T : M =
' =
2,(6097)" : M =
' =

6226.9 + 2.0 £ 0.3 £ 0.2 MeV ,

1814544+ 1.8 MeV,
6095.8 £ 1.7 £ 0.4 MeV ,
31 £5.5+0.7 MeV ,
6098.0 £ 1.7 £ 0.5 MeV ,
289 +£4.24+0.9 MeV .

OThe following branching ratio was measured to be

B(2,(6227)" — AVK ™)

~ 1.

B(2,(6227)~ — 207-)

PRL 121, 072002 (2018)
PRL 122, 012001 (2019)
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LHCb results

O Very recently, the LHCDb Collaboration further discovered four excited (), states

simultaneously in the Z) K~

Invariant spectrum:

PRL 124, 082002 (2020)
Zhang L-M’s lecture

SM g [MeV]

Mass [MeV]

Width [MeV|]

Q,(6316)" 523.74 + 0.31 £ 0.07
Q,(6330)" 538.40 4 0.28 &= 0.07
€, (6340) 547.81 4 0.26 & 0.05
€, (6350)~ 557.98 &+ 0.35 £+ 0.05
~ LHCb ~+-Data
2 [ — Full it
,E_ B ] — Signals
P | Background
§ 20— : |
-3 | Ih ' |
8 L[ | f | ] | |
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g ““| | "|" “ 1%111; || : I ! l.l ||! I I l I
z us‘.ﬁ?!ﬂ @  Fedlly I
500 550 800 550 700

M(Z2K") - M(Z?) [MeV]

6315.64 4+ 0.31 = 0.07 £ 0.50 <2.8(4.2)
6330.30 £ 0.28 = 0.07 £ 0.50 <3.1(4.7)
6339.71 4 0.26 = 0.05 £ 0.50 <1.5(1.8)
6349.88 4 0.35 4= 0.05 £ 0.50 <28(3.2)
1.4%,9 £ 0.1
- LHCDb —4-Data
E’ 0 — Full fit
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g r | | ||| Tl 1
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Structure of P-wave bottom baryons

O At first we should update our previous QCD sum rule analyses about the mass
spectrum of P-wave bottom baryons.

L,=1(A)
z,;—o

3c (A)

1,=0(S)
L= 1

®

&

=0(A)—>6(S)—> ji=1: Zy(2,7) Ep(3,7) Qu(z,7) [6,1,00]
Ji=0: Ay (37) By (§) [35,0,1,0]

s;=1(S) =35 (A) =1 Ay (2,37) Ep (7,7 [§F,1,1,p]
J1=2: A, (5,%) E,(35,% 3:.2,1,0]

jr=0: Zpo (3 Epy (2) Qu (3) [6F50,1¢1]

s;=1(S) —> 6§ (S) =l Zn(3,3) En(s,2) Qu(z,3) [6,,1,1,4]
12020 (3,3) Epn(3,3) Qu(s,3) [6;2,1,4]

=0 (A)—>3p(A)—> ji=1: Ay (37,7) By (.7 [3,1,0,/]

PRD 92, 114007 (2015)
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QCD sum rules

O We can construct various interpolating currents to reflect the internal
structure of heavy baryons by using the method of

QCD sum rules within
heavy quark effective theory (HQET)
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QCD sum rules

O We can construct various interpolating currents to reflect the internal
structure of heavy baryons by using the method of

QCD sum rules within
heavy quark effective theory (HQET)
SVZ sum rules for spectrum
light-cone sum rules for decay properties
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SVZ sum rules

Oln sum rule analyses, we consider two-point correlation functions:

(g% €i[d*xe'?(0|Tn(x)n*(0) ]0)
~ 2n{0In[n){nn*[0)

where 1 is the current which can couple to hadronic states.
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SVZ sum rules

Oln sum rule analyses, we consider two-point correlation functions:

(g% €i[d*xe'?*(0

~ 2n{0n[n)Xnlr

Tn(x)n™(0) |0)
*10)

where 1 1s the current which can couple to hadronic states.

OlIn QCD sum rule, we can calculate these matrix elements from QCD (OPE) and
relate them to observables by using dispersion relation.

Quark and Gluon Level Quark-Hadron Duality

Hadron Level

Operator Product Expension

Observables: Low energy
spectral densities

24



SVZ sum rules

Quark and Gluon Level

dispersion relation

HOPE(qZ)
S =-¢°

Hadron Level

, 9+ Y

thys(qz) — Jp qz — M?2

(for baryon case)

(Sufficient amount of Pole contribution)

Pore () =a, s"+a,_,s""

SVZ sum rule (Shifman 1979)

(Convergence of OPE)

1

A\

Quark-Hadron Duality

4

Pphys (5) = 15,265(5 - MJ%) T

P 4

\ (Positivity)

> 25




Light-cone sum rules

O The method of light-cone sum rules is a fruitful hybrid of the SVZ technique and
the theory of hard exclusive processes, whose basic idea Is to expand the three-
point correlation function in terms of distribution amplitudes near the light-cone:

Fo(p,q) = i / doe 7 (20 () [T Lo ()5 (0) }0)

X

e (n” (p)[a(x)y"5u(0)]0) .

24

Euu(pa(}) = —1€ umrp/ d4
(m ( ) (), 751(0)]0) p2—0 = ?pu\[/ d”"ﬂmpL x (s 1)
where @ (u, i) 1s the pion light-cone distribution amplitude of twist 2.
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Light-cone sum rules

O The pion light-cone distribution amplitudes:

1 . | 1 1 _
O0|a(z)yuysd(—2) |7~ (P)) = ifapu [;. du e P ¢ (u) + % frm? = Z, A du e g, (u) , (C.32)
meQ 1 _
(Ola(z)iysd(—z)|m(P)) = m /3 du e P ¢, (u) (C.33)
- i fem? My + Mg : ! Py
Ola(z)ogysd(—z)|n~(P)) = —s——T-(1——— X (P,xg — Pﬁ;lfa)/ du e ¢ (u), (C.34)
' 3 my, + my M 0

_ _ . f?rmgr -
(Olu(2)ow 159G ap(v2)d(—2) |~ (P)) = 1 r— (PaPubys — PaPuys — PaPubye + PsPulny,) T(0,p2) + ..., (C.35)

_ _ 1 . .
(Ola(2) V159G ap(vz)d(=2) |7~ (P)) = pu(Pazz — Psza) = famZ A (v, pz) + (P39, — Padp,) frmaAL (v, pz), (C.306)

_ = _ 1 . : .
(0la(2)71,19Gap(vz)d(=2) |7 (P)) = pu(Pazs — Psza) - femZV)(v,p2) + (PpYay, — Pabsy) frmaV i (v, pz) . (C.37)

Ball P., et al. PRD. 1998; Ball P., et al. NPB. 1998; Ball P., et al. NPB. 1999;
Ball P, et al. PRD. 2005; Ball P., et al. JHEP. 2007; Ball P., et al. JHEP. 2007.
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Mass spectrum of P-wave bottom baryons

O At first we should update our previous QCD sum rule analyses about the mass
spectrum of P-wave bottom baryons.

L,=1(A)
[,=0 &

3c (A)

1,=0(S)
=1 &

s,=0(A)—>» 65 (S)—> ji=1: 2y, (5,3) Ep(i,2) Qu(3,7) [6,1,0,]
Ji=0: Ay (37) By (3) [3,0,1,9]
s;=1(S) —>» 3§ (A) Ji=1l Ay (2,5) Ep (3,7 [§F,1,1,p]
=20 AL (3,8) EL(F,F [3.2,1,0]
Jr=0: Zyo(3) Epy (7)) Quo (7)) [6.0,1,4]
5;= 1(S) —> 65 (S) =l Zn(3,7) Ef(s,2) Qu(z,3) [6,,1,14]
J1=2: 2 (5,3) Epn(3,3) Qun(s,3) [6;2,1,1]
5170 (A)—>3p(A)—> Ji=1: Ay (F.3) Ep (§,3) [3,1,0,]

PRD 92, 114007 (2015)




Mass spectrum of P-wave bottom baryons

0 The interpolating field of configuration [6%, 1,0, p]
J1/2.-6,1.0p = i€apc([Dr g™ |Cysq” — q" Cys[Diq"])yy vshs,
O At the hadronic level, the two-point correlation function can be written as

051“"'-":'_1;'2-.~'3L'".~'3'_1,-*2 N 4 ik: ey =5 _1/2 . ‘31“'3'_1_’2
H_]'PF.._;;S;[G;)& ' (wj T ?/fE "IEI T<O|T|:JjP,.F_;E5;pl,-'rk(ljjjl‘lpF;E‘IS:‘P;"A[D)]|[]>
3 io12Bi-12y L+ P
= S[gi"" g, x > I P75, s0,0/ 2 (W)
2
| oaaBiiaay L L+ TE o) |
= S[Qflﬁl : "Q?‘T_l“' S P —;}A X ( Fujtsanp/ + higher Etates) .

EFJEJI ol T W
O At the quark-gluon level, the two-point correlation function can be calculated by
the method of Operator Product Expansion (OPE).

O The mass of the bottom baryon can be written as:
PRD 92, 114007 (2015)

M;pFjsofd = Mb + NF js0/a + OMpF jsipfi .



Mass spectrum of P-wave bottom baryons

_ We Working region A Baryons Mass Difference f
Multiplets | B
(GeV) (GeV) (GeV) () (GeV) (MeV) (GeV?)
S| 175 | 030<T <033 | 1202008 | Ty(1/27) 6.09%0.10 - 0.085 £ 0.017 (S5 (1/27))
6£,0,1,A]| 24| 1.90 | 030<T <034 | 1442008 | E(1/27) 6.25+0.10 - 0.077 £ 0.016 (=, (1/27))
Q| 2.05 029 <T <035 | 1.59+=0.08 | Q(1/27) 6.40=+0.11 — 0.143 = 0.030 (€2, (1/27))
p(1/27) 6.10£0.11 0.087 +0.018 (X, (1/27
Y| 1.87 031 <T < 0.34 1.35 £ 0.09 »(1/27) 3+1 (2 (1/27))
Yu(3/27) 6.10+£0.10 0.050 £ 0.011 (X, (3/27))
=(1/2° 6.24 = 0.11 0.080 £ 0.016 (=, (1/2~
6r,1,0,p]| 25| 2.02 029 <T <036 | 1.49+0.09 o(1/27) 3+1 (=5, (1/27))
=0(3/27) 6.24+0.11 0.046 + 0.009 (Z,(3/27))
Qp(1/27) 6.424+0.11 0.155 £ 0.030 (€2, (1/2™
0| 217 | 033<T <038 |1.67+000 | 21/2) 341 > €, (1/27))
2p(3/27) 6.42+0.11 0.090 £ 0.017 (€2, (3/27))
Yu(3/27) 6.10+£0.12 0.102 +0.022 (¥, (3/27))
Yp| 1.84 0.30 <T < 0.34 1.29 4+ 0.09 13£5
$(5/27)  6.11 4 0.12 0.045 £ 0.010 (5 (5/27))
=r(3/2- 6.27 = 0.12 0.099 &= 0.021 (=, (3/2~
6r,2,1,A]| 2| 1.99 0.30<T <036 | 1.45+0.09 o(3/27) 1245 (5, (3/27))
=(5/27) 6.29+0.11 0.044 £ 0.009 (2, (5/27))
25(3/27) 6.46 = 0.12 0.194 £+ 0.038 (€2, (3/27))
(| 2.14 0.32 <T < 0.38 1.62 = 0.09 115
Qy(5/27) 6.47+0.12 0.087 £ 0.017 (€2, (3/2T))




S-wave decay properties

O We investigated the following decay channel

(k) T[Zp(1/27) = Ap(1/27) + Tr] — r[zg(m—) S A%(1/2) + w—] |
(1) T[Sp(1/27) = Sp(1/2%) + Tr] — 9% r[zgu/z—) s ¥0(1/2%) +w—] |
(m) T :53(1/2—) L =p(1/27) +w} — ; x F[Eg—(1/2—) L =0(1/2%) + »,f-.——}

(n) T :5;,;(1/2—) S A(1/27) + K] —T [3;(1/2—) L A%(1/27) + K—}

(o) T :53(1/2—) s =(1/21) +w} — ; x F[Eg—(1/2—) L =0(1/24) + »,f-.——}
(p) T :53(1/2—) yy(1/27) + K: —3xT :5;;(1/2_) ox0(1/2%) + K—} |
(q) T :95(1/2—) L E(1/27) + K: —oxT :95(1/2—) — =0(1/2%) + K—} |
(r) T]0s(1/27) = =4 (1/2+) + K: —oxT :95(1/2—) L =0(1/2+) + K—} |
(s) T izb(a/z—) L yI(3/27) + ﬁ} —oxT [2;(3/2—) o 3i0(3/2%) + ﬁ—] _.
() T :E};(B/Q—) L E(3/2%) + w] _ ; ) [Eg—(a/z—) _ =20(3/2%) + »,f-.——} |

W) T[Z(3/27) = S:(3/29) + K — Ay(1/2%) + 7+ K
L b b
= 3x F[Eé—(i%/?‘) = 50(3/27) + K~ — A(3/27) + 70 + K—] _.

(v) T [8'25(3/2_) L =E(3/2%) + K] — 2 x I‘[Qb_(S/Q_) s =0(3/2+) + K—] .



S-wave decay properties

O We calculate the S-wave decay of the X, (1/27) belonging to [6f, 1,0, p] into
%2 (1/21)m~(07) to introduce the application of light-cone sum rules. At first
we consider the three-point correlation function:

Mw, W) = /d‘laf; gk <O‘J1/2,—,E;,1,(),,3(0)']_28(x)‘ﬂ_>

1+9
= 3 Osrigiosge (@),

O At the hadronic level, we can rewrite the correlation function by using double
dispersion relation:

fy—r1—1fx0
R ) =5 1371/
b [§ ]_}Ebw Eb [g ]—:*Ebﬂ' (i\z—[

- - :,u")(j\zg —w)

33



S-wave decay properties

O At the quark-gluon level, we calculate the correlation function using the method
of OPE to expand in terms of light-cone distribution amplitudes
Ty 31759
(ﬁgb—[%—] — Wr)(izg —w)
3 Wm.?r ) ) W-????T-a.‘ . 5
/ (H/ duet(I— W't giuwt o g o ( 3/ P (1) + f d )(_-")3;77('1{-)

A2t (g +mg) T 87213 (1 + g

(“ X

J
e 1ospe (@) = O3zt

i frt |
m_ ATV () — T {gsGo G (u)).
0 After Wick rotations and double Borel transformation we obtain
mgn My
!fz;[%—]—}zgﬁ—fz;[%—]fzgf-’- e T2
B Béf-,-rmfl. 5 e Wey p -ifﬁm.% . WC du3 T(HD)
= B (4"2(”?1;, +-:rnd)T f4(‘?)(’93;ﬂ(‘“0) ” 872 (1 + m..d)T fil( du
f o L f?' L[ ._ _.
‘|—E<QQ>T]£D( T )/D Vgom (u)du — M)((;SQJ(T@T[] L—.-4;W(_u)du.) : )



S-wave decay properties

O The S-wave decay properties of P-wave bottom baryons are summarized below

TABLE II: S-wave decay properties of the P-wave bottom baryons belonging to the baryon multiplets [65,0,1, A], [65,1,0, p|
and [65,2,1, A].

Multiplets | S-wave decay channels q S-wave decay width (MeV)
(1) To(3~ J—}Ea{%+}f 341473 8502510
(0) Ei(37) = E4(37)m 23170 3101355
1,0,9|® B~ TET 228051 350+48
o (t) = (i ) —+ %4_}77 15"1_{1 58 1301_:;3{]
(w) Z(37 ]—3*3.5{% VK = Ay(37)7K | 2.105555 0.020%553%

(V) (27) =5 (ENK 2.72+1-29 -

(k) Zo(37) = As(37)m 4.70% 75 1400 550"
6001 x| SE) 2 ZE 340445 1000+
M) EET) s ARDK 456123 1000+ 1300
(@) 2(17) = S(3TK 638431 300073500
2 5 2.35 2400
s) Ep(27) = 20 (2 ) .014+0-008 .013+0-0L
(3 2 (57 0.01475-507 0.013*5010
— 3 — — 3+ 005 006
6 1| HE) S ET 000000 0.004%50%

(w) Z(27) =S (3N)K

(v) Q(37) 5 E(3)K

— M7 )TK

+0.010
D'DGG—D.{]{]E

+0.012
D'DGT—D.{]{]T

2F3t x 1077

0,008
|::]{][}:ll-l-[] 001
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S-wave decay properties

O The S-wave decay properties of P-wave bottom baryons are summarized below

TABLE II: S-wave decay properties of the P-wave bottom baryons belonging to the baryon multiplets [65,0,1, A], [65,1,0, p|

and [65,2,1, A].

Multiplets | S-wave decay channels q S-wave decay width (MeV)
(1) Ze(37) = Su(37)m 34T 5 8507540
(0) E3(37) = B3 77 2.31% 0% 3101155
6p.1,0,p| ) ZE) 2 X 228255 3501330
(t) Z(37) = S (F ) 1547533 130* 55"
(W) E,(37) = Ti(3)K = As(37)7K | 210759 0.0295:077
(V) (27) =5 (ENK 2.72+128 -
(k) Zo(37) = As(37)m 470775 1400 555"
60.0,1 0 (m) Zp(37) = Zp(3 ) 3.40:};:2,?; mnmté%iﬂ”
() E3(37) = A3 K 4567774 10002 650"

(@) Q5 ) — Eb(%-‘-jf{

6.38%5 35

390025300

Too large to
interpret the
newly
observed
exited bottom
baryons

67,21, A]

(s) Tp(27) = S5 (35w

—r 53— —w 3+
(t) Z(37) = E0(3 7 )m
= 3 — w34 - I 1+

(v) B(37) = E(ENK

JmK

A+0.008
D'Dl_l—ﬂ.{]{]'.-'
+0.005
D'GGQ—D.{]{]E‘:
+0.010
D'DGG—D.{]{]E

+0.012
D'DGT—D.{]{]T

+0.018
0.013*7010
+0.006
D-Dﬂ‘i—[].um
275 x 1077
0.008
D'D[}]li-[].ﬂﬂl
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D-wave decay properties

O We investigated the following decay channel
(w) T[Tp(3/27) = Ay(1/2%) + ] _ r[ ~(3/27) = A%(1/27) +’rr_}
(r) T :53(3/2—) o 5(1/2F) + ’T] — % ¥ T [Eg—(:a/z—) 5 E9(1/2%) + ﬁ—] |

(y) I‘:Eg(B/Q ) Ap(1/27) £ K _F[E};_(B/z ) = A(1/2%) + K ]

(2) T|0p(3/27) = S(1/27) K| =2xT {Qg(:z/z—) S =0(1/2+) + K—]

() I‘:Zb(ﬂ/Q_) s Ap(1/2) +ﬁ] _ r[z-;(sa/z—) o A(1/2+) +ﬂ
() r:zg(a/z—) = 5.5(1/=>+)+T] — ; x r{:g (5/27) — =9(1/2+) +ﬁ—]__

(V') T|Z(5/27) = Mo(1/2%) + K| =T[=7(5/27) = A(1/2%) + K~ .

(=) T[0(5/27) = Sp(1/2Y) + K| =2 x T {5‘33(5/2—) 5 =0(1/2%) + K‘]
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D-wave decay properties

O The D-wave decay properties of P-wave bottom baryons are summarized below

TABLE III: D-wave decay properties of the P-wave bottom baryons belonging to the baryon doublet [6F, 2,1, A

Borel Mass [GeV]
(a)

Borel Mass [GeV]
(b)

Multiplets | D-wave decay channels | g (GeV _Q} D-wave decay width (MeV)
(w) Sp(27) = Ap(37)m| 7.201363 16138
6r.2, 1) (x) Z(37) = Bp(3 ) | 457140 1610
F,z, 1, _ 1 . 5 65 3
(v) Z(37) = M(3 K| 544556 6.5%5%
(z) W(27) = S K| 6.511357 58153
O We also show the stability of coupling constant as a function of Borel Mass T
9 T 9 9 1 1 T 9
E 8k i 18 ‘“; 8t 18
gt T~ 7 &4 17
i b k
5° . ° e 18
§ 5r o 15 § 5t : 15
< at L s Gy : 14
3 L ' 3 3 S : 3
0.2 0.2975 0.3375 0.4 0.5 0.2 0.297 0357 04 05
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Summary and discussions

0 The masses and decay widths of the £, (3/27) and £, (3/27) belonging to
|61,2,1, ] are extracted to be

+ . _
My 3oy = 6.1040.12 GV, $,(6097)F : M = 60958+ 1.7+ 0.4 MeV |
. I = 31455407 MeV,
treg | [zu(3/2-) = 46 Do MeV (total) Exp | 25(6097)" : M = 6098.0 4 1.7+0.5 MeV
b o =,(6227)" : M = 6226.9+ 2.0 + 0.3 + 0.2 MeV |
Uz 3/2-) = 23 T1; MeV (total), P = 181454+ 1.8 MeV,

O Their non-vanishing decay channels are extracted to be
U5, 3/2-)=n,n = 46 T35 MeV
Ty, 3/2-)osir = L3710 x 1072 MeV,
Theo L'z 3/2-yozr = 16 To MeV,
Iz (3/2-)=a, 6 = 6.5 753 MeV,
Tz (3/2-)=zin = 4 75 x107% MeV,

Pz 32—y = 275 x 1077 MeV. 40




Summary and discussions

O The internal structures of Z,(6227)~ and %, (6097)* are estimated to be

A-excitation and |6, 2,1, 1] q,

Q
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Summary and discussions

O The internal structures of Z,(6227)~ and %, (6097)* are estimated to be
A-excitation and [6, 2,1, A]

s,=0(A)—>» 65 (S)—> ji=1: 2 (5,3) EN(3,7) Qu(3,3) [6,1,0p]

f =1 (A _ _ _ _ —
I -0 )® Jr=0: Ay () =ih() (3 13:,0,1,p]
s;=1(S) —>» 3§ (A) Ji=1: Ay (3,3 Ep (3,5 [gFﬂlalap]
~ Ji=2 A, (F,9) E,(5.9) [35,2,1,0]
3'[1 (A) . _ 1-— _ 1- 1- 1
Ji=0: Zyo(3) Epo (7)) Quo(2) [6,.0,1,4]
5,= 1(S) —> 65 (S) =1 (5,8) En(5,3) Qy(3,3) [6,,1,1.4]
j’ﬂj?“) R =2 0 (5.8) E5(89) Qu(y.¥) [6,2.14]

5,70 (A)—> 3 (A)—> ji=1: Ay (37.§) By (£.8) [35.1,0,]



Summary and discussions

O Especially the branching ratio Is extracted to be

B(X(3/27)" — AVK™)

B(Zy(6227)" — MK )

B(Xy(3/27) — =07 )

— 0.6 7)1,
- B(Z,(6227) — =07 )

Theo

Exp

O Furthermore we predict the mass and decay width of Q,(3/27)

Theo

MQb(?)/Q_) = 6.46 £0.12 GeV,
FQb(?)/Q_) — 58 —l—gg MGV,

Lo,3/2-)-2,5 = 58 T3z MeV,

FQb(g/Q_)ﬁ“EZK — 1 i—E]Sj X 10_3 MeV .

[0 Moreover the differences within the same doublet are extracted to be

Theo

Ms, (5/2-)
f\fgrb@;g—)
Mg, (5/2-)

6.11+0.12 GeV , Mg, (5/2-) — Mg, (3/2-) = 13+ 5 MeV .
6.20 £ 0.11 GeV, Mz (5/9-) — Mz (3/2-) = 12 £ 5 MeV
6.47 £ 0.12 GeV , Mg, (5/2-) — Mg, (3/2—) = 11 £5 MeV .
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Summary and discussions
O For Q, of |6, 2,1, 4] multiplate

| Theo (origin) | Exp
Mg, (3/2-) = 6.46 +0.12 GeV , 2,(6316)™ : M = 6315.64 = 0.31 £ 0.07 £ 0.50 MeV ,
FQb(3/2_) — K& + Mev I' <2.8MeV, (1)
v6s 2,(6330)" : M = 6330.30 = 0.28 £ 0.07 £ 0.50 MeV ,
Fa,@/2-)-5,x = 58 I33 MeV, I <31 MV, 2)
FQb(3/2—)—>EgK = 117 x107% MeV. 25(6340)~ : M = 6339.71 £ 0.26 + 0.05 %+ 0.50 MeV ,
: I' <15MeV, (3)
Mg, (5/2-y = 647 £0.12 GeV, 2,(6350)" : M = 6349.88 + 0.35 £ 0.05 + 0.50 MeV ,
Mg, (5/2-) — Moy (3j2—y = 11 £5 MeV. I'=14%55+0.1 MeV. (4)

PRD 99, 094021 (2019) PRL 124, 082002 (2020)
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Summary and discussions

0 We update our calculations and try to explain the newly observed (), states

Mass spectrum

Multiplets w. (GeV)  Working region (GeV) A (GeV) Baryon (j¥)  Mass (GeV) Difference (MeV)  f (GeV?)
[6£(2),1,0,p]  2.13 0.26 < T < 0.37 158130 25(1/27) e A - gi13ins
25(3/27) 632 01 0.08" o
[6£(£25),0,1,4]  2.00 027 < T <0.34 1.54£0.08  £2,(1/27) 6.34+£0.11 - 0.13£0.03
[6£(25).1,1,4]  2.00 0.38 < T < 0.39 1.49£0.07  2,(1/27) 634N 3 0.12 £0.02
25(3/27) 638t 0 0.07 £ 0.01
[6F(S26),2,1,4] 2.08 0.26 < T <0.37 1530 2p(3/27) AL T 100733 0161
2,(5/27) 63610 0072

EPJC 80(3):256 (2020)
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Summary and discussions

0 We update our calculations and try to explain the newly observed (), states

Decay properties

Multiplets Baryon (j7) S-wave 5 K D-wave E, K EK/EfK/EpK*--- Candidate

[6£(525), 1,0, p] 2,(1/27) 0 K.F. 2,(6316)
2,(3/27) 0 K.F.

[67(52),0, 1, 4] 2,(1/27) I = 2800F750MeV - K.F.

[6F(52p). 1,1, 4] 25(1/27) 0 K.F. £25(6330)
25(3/27) 0 K.F. 25(6340)

[6£(525), 2,1, 4] £2,(3/27) =477 K.F. £2,(6350)
25(5/27) 0 K.F.

EPJC 80(3):256 (2020)

46



Summary and discussions

O Our results suggest that:

0, (1/2 ),0,(3/2 ) €6£,1,0,p]Q,(6316)

Q,(1/27) € [65,0,1, 2]

0, (1/27),Q,(3/27) € [65,1,1, 10, (6330)", Q, (6340)"
0,(3/27), Q,,(5/27) € [65,2,1, 4]0 (6350)




Summary and discussions

O (a) The 24 known charmed baryons and (b) the (9+6) known bottom baryons

Charmed baryon mass (GeV)

(a) Charmed baryons
31 —
32~
29 s5p+
32+ -
7
= 32+
[F .
I+
2.7 — 127 5
3+
32— |
_—
1/2- 1+
32+
n
2.5 —
[t
7 —®
12 5
23 4 izt
."‘\L‘ l'ﬁ. = QL

— 08

— 0.6

— 04

— 0.2

— 0.0

Mass above baseline (GeV)

0.8 —

0.6 —

0.4 —

0.0 —

32

| P

(b) Bottom baryons

==

E, (6227
3
E,(6097)
1/2+
O
312+
— n
1/2+
3/2+
1/2+
1/2+ L ]

— 6.5

— 6.3

— 6.1

— 59

— 5.7

Bottom baryon mass (GeV)

PDG. 2018
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Summary and discussions

O We have also studied their S-wave decays Into ground-state bottom baryons
accompanied by vector mesons (p or K*).

O 28 possible decay channels are calculated for each P-wave bottom baryon
mutiplet of flavor 65: [65,1,0, p], [6£,0,1,1], [6£,1,1,A] and [6F, 2,1, A].

Table 4 S-wave decays of P-wave bottom baryons belonging to the doublet [64, 2, 1, A] into ground-state bottom baryons and vector mesons

Decay channels Coupling constant g Partial width Total width
(d2) Zp(3 ) — Zb(3 )p — Zp(s )mn 5.90 F328 0.14 )13 keV 0.14 7013 keV
— 1 — T — T +2 42 - 'l._. ¥ =+ \1. r
(€3) Ej(5 ) — Ej(3 )p— Ej(5 )am 423 333 0.53 4% keV 0.53 705 keV
gD Zp(3 )= ZH3 )p— Z} 3 an 3.78 1108 (3 fi) x 1076 keV (3 fi) x 1076 keV
— 5 — s 3+ — 3T +2.08 ~y 4+0.32 , ~y 4+0.32 ,
(h2) Z(3 ) = E3(5 )p— Ef (5 )n 4.09 7135 0.29 T)73 keV 0.29 755 keV

0 We suggest the LHCb and Belle/Belle-11 experiments to search for the Z,(5/27),
which is the J¥ = 5/2~ partner state of the £,(6227)~ in the decay channel of
2,(5/27) - E; (3/2%)p — &} (3/27)mm.  EPIC 80(2):80 (2020)
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Thanks for
your attention!




