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Background

1S. 1P, 1D-wave (A — mode) charmed baryons.

JE (nL) Experimental values [3] RQM [223] NQM [224] NQM [225] NQM [309]
A, 1/2F (18) 2286.46 + 0.14 2286 2268 2285 2286
2. 1/2t (1) 2467.9470 50 2476 2466 - 2470
Se 1/2 (18) 2452.9 + 0.4 2443 2455 2460 2456
32t (18) 2517.5 % 2.3 2519 2519 2523 2515
=, 1/2+ (1S) 2578.4+ 0.5 2579 2594 - 2579
=x 3/2t (18) 2645.56 0 50 2649 2649 - 2649
Q. 172+ (18) 2695.2 + 1.7 2698 2718 2731 —
Q:  3/2t (19) 2765.9 + 2.0 2768 2776 2779 -
A. 127 (1P) A.(2595) = 2592.25 & 0.28 2598 2625 2628 2614
Ae  3/27 (1P) Ac(2625) = 2628.11 4 0.19 2627 2636 2630 2639
= 1/27 (1P) Z.(2790) = 2792.4 + 0.5 2792 2773 ~ 2793
= 3/2- (1P) Z.(2815) = 2816.741020 2819 2783 - 2820
. 1/2~ (1P) - 2713 2748 2802 2702
s 12 aepy (T 2799 2768 1 2826 2765
. 3/27 (1P) _ 14 2773 2763 2807 2785
Y. 3/2- (1P) B (2800) = 2792175 2798 2776 2837 2798
Y. 5/27 (1P) 2789 2790 2839 2790
= 1/2- apy - 2854 2855 - 2839
=L 1/27 (1P)  Ec(2923) = 2923.04 + 0.35 [304] 2936 - - 2900
=L 3/27 (1P)  Ec(2939) = 2938.55 4 0.30 [304] 2912 2866 ~ 2921
=L 3/27 (1P)  Ec(2965) = 2964.88 4 0.33 [304] 2935 — ~ 2932
=/ 5/27 (1P) - 2929 2895 ~ 2927
Q. 1/27 (1P) - 2966 2977 3030 —
Q. 1/2 (1P) Q(3000) = 3000.41 & 0.22 3055 2990 3048 —
Q. 3/27 (1P) Qc(3050) = 3050.20 & 0.13 3029 2986 3033 -
Q. 3/2- (1P) Qc(3066) = 3065.46 & 0.28 3054 2994 3056 —
Q. 5/27 (1P) 0.(3090) = 3090.0 £ 0.5 3051 3014 3057 —
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https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6

Background

1D-wave (A — mode) bottom baryons.

JP (nL) Experimental values [3] RQM [223] NQM [224] NQM [225]

Ay,  3/27 (1D)  A,(6152) = 6152.51 &+ 0.37 [216] 6190 6181 6211

Ap,  5/27 (1D) Ay (6146) = 6146.17 + 0.43 [216] 6196 6183 6212
3/2T (1D)|  =,(6327) = 6327.2879-32 [221] 6366 ~ -
5/27 (1D))  E,(6333) = 6332.697025 [221] 6373 6300 -
1/27 (1D) — 6311 — 6395
3/2% (1D) —~ 6285 - 6393
3/2T (1D) — 6326 — —
5/21 (1D) —~ 6270 6325 6397
5/2% (1D) - 6284 6328 6402
7/2+ (1D) —~ 6260 6333 —
1/2% (1D) — ? 6447 — —
3/2T (1D) — 6431 - -
3/2% (1D) - = 6459 - -
5/21 (1D) —~ 6420 6393 -
5/27 (1D) - 6432 — —
7/2% (1D) — 6414 6395 —
127 (1D) —~ 6540 —~ 6561
3/21 (1D) - 6530 - 6559
3/21 (1D) —~ 6549 - -
5/2% (1D) - 6520 6492 6561
5/2% (1D) - 6529 6494 6566
7/2% (1D) - 6517 6497 -

Rept.Prog.Phys. 86 (2023) 2, 026201



https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6

Background

Belle : reported £.(2800) in 2005.

Observation of an isotriplet of excited charmed baryons decaying to Lambda+(c)
pi

Belle Collaboration « R. Mizuk (Moscow, ITEP) et al. (Dec, 2004)

Published in: Phys.Rev.Lett. 94 (2005) 122002 « e-Print: hep-ex/0412069 [hep-ex]

pdf & DOl [= cite [Q reference search [ 2) 158 citations ]
State Yield /10° AM, MeV/c* T, MeV
- 0 +0.7941.03 +3.242.1 1+18422
36(2800) 2.247 ) 55 050 5154737 %0 61775773
- + ’ +1.0541.40 +5.8412.4 437452
25(2800) 1'54—“.5?—“.88 505'4—4.ﬁ— 2.0 62—23—33

25(2800)++ 9.8110-82+0.71 514.5+34+28 7518412

—0.60 —0.49 3.1—4.9 —13-11

assignments: + Conventional baryon——1P A-mode X

« Bound state——DN
Phys.Rev.Lett. 94 (2005) 122002



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.122002

Background

¢ Narrow

LHCb: Z,(6327)° and £,(6333)°

@ Preliminarily assigned as A-mode 1D E; with

SoO0F T T T T T T JP=3/2%, 5/2*.
[5) { Data LHCb
2 &0 6 fb_l
0 — Total fit | w
= F e =,6327) } + ' E
> 60 o 26333 { + i € Mass:
= 0w conivinatorisl H M( E,(6327)°)=6327.381323 + 0.08 +
5 40 i H
8 30 } * { 0.24 MeV
o 0 T 5 M( E,,(6333)°)=6332.69%217 + 0.02 +

1 R T 0.22 MeV

S T T R S . .
6300 6320 6340 6360 ¢ Width:
m(A,K ") [MeV] I (£,(6327)°= 0.93974MeV

I (Ep(6333)°=0.257958MeV
In 2021, LHCb collaboration reported two narrow ¢ Decay:

resonances, Z,(6327)% and Z,(6333)°, in the  Ep(6327)°> ZgK~

_ Ep(6333)°— T K™
A K~m* mass spectrum. b(6333)7>

Phys.Rev.Lett. 128 (2022) 16, 162001

Critical issue: How can we identify them?


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.162001

Theory

--()

€ Strong decays of the low-lying excited X, and Z;’are systematically

studied with quark pair creation model .
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Theory

€ QPC Model ( °P, model) :

» Strong decays take place via the creation of qq pair from the vacuum with quantum
number 0**,

» For baryon decays, one quark of the initial baryon A regroups with the created antiquark

q to form a meson C, and the other two quarks regroup with the created quark q to form
a daughter baryon B.
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Theory

& QPC Model ( °p, model) :

_ yz 2m, f d3xPg,
q

In the nonrelativistic limit, the transition operator under the QPC model is given by

T=-Pm(1m 1 — m|00) [ d3p,d®ps 83 (s + ps) X YI'EEE) XS, d5° wioal, (Pa) bl (ps)

Fitted by experiments,
determined as 6.95

(BC|T|A)=63(P,—Pgz — P)MMaM18Mic

The partial decay amplitude in the center of mass frame can be obtained:

MMaMsMic(A— B + C)=y\/BEAEgE( [1ap,c <X§§ﬁ453XScMsC Xﬁl‘il?"’IsA)(l m>

My,
(cp%’)24 35|(P123 45)1 AML (p)
Partial decay width: [ = 772 Pl_1 z |MM]AM]BM]C|2
M, 2], + 1

M]A,M]B'M]c



Theory

@ Chiral Quark Model: The effective low energy quark pseudoscalar-meson coupling

in the SU(3) flavor basis at tree level is given by

C a7 .
//. ) N AR
ays

- A
%A B

I 0 1 +
Eﬂ: +u_’_hn T Kt
¢, denotes the pseudoscalar meson octet ¢, = T —ﬁﬂ'hr#ﬂ K’
- o 2
K K =/ 3N
o, , )
In the nonrelativistic limit, — Hy =Y {-—"—0,-Pj+ ——"—0; P~ 0;-q+ 50} [l
the nonrelativistic limit, ); FESTALRANEYTAL Al i9

The partial decay amplitudes for B — B'M can be calculated by (B{|H}Y|B.):

M[B, — B.x(q)| = 2(B.|[Go, - q + ho, - P,]I,e 4" |B,).

Partial decay width : r (S E Mg M, P
r:r_(fm) 4JTM 2.]"—1 E Jizd




Results

Decay properties of 1P A-mode X Masses are taken from Nucl.Phys.B 990 (2023) 116183

P=3.0), EZP=5.1, Z|JP=3.1, ZUP=3.2), EZF=2.2),
M=2823 M=2809 M=2829 M=2802 M=2835
Decay width QPC ChQM [63] QPC ChQM [63] QPC ChQM [63] QPC ChQM [63] QPC ChQM [63]
[[DN] 103 - 2.7 - - - -
Iz, 7] 302 10 55 08 66 13 48
[[An] 381 5.7 35 298 4.7 38.6
(7] 0.3 0.5 685 312 02 2.0 08 2.1

[ Mot 48.5 3.7 76.9 30.7 69.5 36.7 4.5 38.4 6.8 45.5

Different explanations of £.(2800)

Different intepretations of 2.(2800)
charmed baryon X, | bound state DN
1/27[ours],[1-4] 1/27[5-10]
3/27[11-15] 1/2%[16]
5/27[13, 14, 17] 3/27[16]

mixing state

Based on the results of QPC model, it is suggested to search in the DN channel.


https://linkinghub.elsevier.com/retrieve/pii/S0550321323001128

Results

Interpretations of £,(6327)%and Z,(6333)°

Comparison with ChQM and QPC Model

Masses of p-mode excitations are taken from

Chin.Phys.C 46 (2022) 093102.

17 = %+"2),Li 5" = %Jr’z},u 5" = %Jr*z}m " = %+’2>|(;,(3
Decay Width =,(6327)° =,(6333)° M=6420 M=6430
QPC ChQM[42] | QPC ChQM[42] | QFC ChQM [42] | QPC ChQM [42]
T[Z,K] | 0.16 0.59 17.7 £.59 0.67 0.34
I[Z; K] 0.04 0.11 291 1.56 18.2 9.25
Nz | @4 130) | 002 0.41 216 463 57 0.95
MEsx | 017 0.67 0.96 164) | 6.02 1.97 27.0 5.87
[[Total] | 0.74 2.56 1.02 2.16 483 1675 | 47.5 16.42
Expt. 0.93:074 0.25°038 - -

Other possibility: 1P 1/27,3/2~ Phys.Rev.D 105 (2022) 9, 094004

2,(6097) = X1/2 (6, = 0),

—1/27

=,(6327) = =,/% (6,0 =1),

=,(6333) = =2/% (6,0 =1)

=/ %

g,m and Z}'m are interesting channels for searching £,(6327)° and £,(6333)°.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.094004
https://iopscience.iop.org/article/10.1088/1674-1137/ac6dc6

Results

MNP =41, EPP =301, E 0P =32), P =3%.2), ZNP=37.3), Z|P=1%3)

Ad

1D 2 —mode X,

M = 3041 M = 3043 M = 3040 M = 3038 M = 3023 M = 3013
Decay width QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC  ChQM
r[DN] 171 o L1 e 96 o 03 e oo 06
r[D*N] 39 . 75 .. 46 ... 68 - 01
r[S.7] 25 35 07 09 53 79 03 48 03 47 01 24
T[A, 7] 28 23 24 22 01 .. e .. 07 155 06 145
r[z:a] 10 17 28 43 35 60 55 108 02 52 02 15
r[E K] ) 408 36 e
AP = 1=, 1),4] -- 81 04 02 02 .. 17 22
CAJP =3.1),2 01 14 373 108 03 02 05 19 03 12 10 80
ME/f =407 43 03 -~ 04 02 13 - 05 - 02 10
M lf =4, @9 __249 Y3 05 05 43 02 01 - 39 08 -
M /? =3 1),2 -~ 34 67 06 40 29 20 01 23 ... 27 Ol
M [/f =322 - 15 46 03 05 - 10 03 05 02
Ms|/f=3.2),2 147 09 33 13 50 09 86 76 69 08 14 04
Fro 1124 570  67.5 330 891 466 249 258 135 340 89  27.
P _ 1+ e P _ 3+ P _ 3+ [ P _ 1+
1D p —mode %, TP =11),, TP =31),, P =1.2), EUP=52), ENP=33), EP=13),
M = 3141 M =3143 M = 3140 M =3138 M =3123 M =3113
Decay width QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC ChQM QPC  ChQM
r[S.7] 6 290 35 1264 317 1Ll 102 1Ll 104 57 54
[[A, 7] 378 142 - - 217 243 203 231
r[z:a] 248 69 626 173 (333 173 363 394 74 188 89 93
r[E K] 231 196 375 199 - - .. .. 10 06 08 05
r[EK] 19 21 06 05 38 46 - ETT
MAJJF =1 1), 92 LI 12 15 o e e oe LT 06 - 05
CAMP =3 1),2 18 19 88 24 ... ... .. .. 04 08 18 06
ME|/f =002 - 02 .- 01 - 01 01 01 :
M /f =12 70 01 02 01 16 02 07 - 13 01 ..
ME[/f =312 13 02 21 - 13 .. 02 01 01 - 02
M |/f =322 - 04 01 05 65 01 01 - 02 - 0l
ME/f=3.2),2 19 01 08 - LI 01 55 05 01 .. 03

Iotal 276.7 61.0 280.7 60.0 174.0 54.1 153.9 50.3 44.9 55.6 38.1 394




Results

1D 2 —mode E,

) E;;|JP: if‘J),u 3;: " = %I*l),u 3;: " = %I’z),u =, 10" = r’2>,u E;:UP:?’?’}.U —frup 3 3}11
Decay width M=6447 M=6459 M=6431 M=6432 M=6420 M=6414
QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42]
TA,K] 2.8 2.4 2.8 2.1 1.3 2.0 5.8 0.5 54
Iz K] 0.7 1.8 1.9 49 0.5 1.8 3.1 6.8 0.8 0.1
Iz, K] 1.6 4.1 0.4 1.1 3.1 8.4 1.0 0.5 3.6 0.4 0.2
T[Zs7] 0.4 0.4 0.5 0.1 0.1 0.1 0.9 0.2 0.2
I[E,7] 4.6 22 4.6 2.0 2.0 3.2 9.6 0.5 9.1
I[Z;x] 1.1 1.3 0.3 0.3 23 29 0.8 1.3 3.2 1.2 0.6
I, 7] 0.5 0.6 1.3 1.6 0.5 2.3 26 4.1 0.1 2.1 0.1 0.6
[[AB] 10.7 - 0.9 - 38 - - - -
T[A, |JF = 1/27,1), K] 34.7 323 0.2 1.1 26 0.1
T[A, 1JP =3/27,1), K] ... 0.1 36.0 15.8 1.4 0.2 -

T[Z, |07 = 1/27,1), 7] 52.0 13.8 1.1 0.1 0.4 0.6 0.3 0.5
T[S, 107 =3/27, 1), 7] ... 0.4 52.3 10.2 0.1 1.0 0.1 0.2 0.1 0.1 0.2 1.5
(=, [J7 =1/27.0),7] .. 1.0 0.1 11.2 0.2 0.1
[[Z, 17 = 1/2,1), 7] 214 9.0 0.1 0.1 0.1 0.1 0.2
M=, [J7 =3/27. 1),7] .. 0.9 3.0 0.3 13 0.6 0.7 0.7 0.8
(=, [J7 =3/27,2),7] .. 0.3 1.9 18.0 6.2 0.2 0.2 0.2
I[=, |4 =5/27,2), 7] 6.1 0.6 1.6 0.2 1.8 0.1 3.3 1.3 2.4 0.5

I otal 136.7 71.2 107.6 40.0 42.6 26.6 15.3 18.5 16.0 21.0 3.0 17.5




Results

1D p —mode E,

Decay width E;’ UP N %+, l>-"f’ E;’ |JP - %+’ 1>PP E;’ ”P - %+’2>W E;’ UP - %+’2>W’ E;J ”P - %+’3>ﬁp E;’ |JP B %+’3)W?
M=6547 M=6559 M=6531 M=6532 M=6520 M=6514
QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42] QPC ChQM [42]

[[A,K] 192.1 7.6 203.7 7.2 22.9 6.7 21.7 6.5
K] 1.1 4.4 20.9 13.8 22.8 7.2 108.1  21.1 3.5 53 42 2.0
[[Z,K] 54.5 11.1 15.1 2.8 1059 242 43 1.8 4.0 1.7 2.0 0.9
[[E,7] 2599  11.0 2759 10.6 26.8 10.5 25.4 10.1
[, 7] 38.4 4.3 5.2 1.1 71.5 9.6 4.0 2.0 3.9 2.0 2.1 1.1
[, 7] 0.3 2.1 45.9 5.4 19.3 4.8 1956 114 11.0 53 9.3 2.7
I[Z,7] 14.4 0.8 16.2 0.6 1.0 2.6 0.4 0.6 0.4
r(=,7] 0.5 0.6 0.2 0.7 0.7 0.2 0.2
I[=;7] 0.1 0.1 0.6 0.8 0.1 0.4 2.3 0.2 0.1 0.1

[[A,1J7 =1/27,1),K] 6.4 0.5 0.6 0.6 0.4

[[A,J7 =3/27,1), K] 0.8 0.9 7.2 1.9 0.1 0.1 0.5

[E, |07 =1/27,1), 7] 9.8 0.5 0.9 0.5 0.8 0.1 0.1

[E, |JF =3/27,1),7] 1.3 0.8 10.8 1.9 0.1 0.2 0.1 1.0 0.1

T[E, 177 =1/27,0), 7] 0.1 0.3 1.6

T[E, 177 =1/27,1),n] 4.4 0.1 0.1

[[E, [J =3/2",1), 7] 0.6 1.0 0.5

[, [J7 =3/27,2),7] .. 0.1 0.2 2.4

IE, /" =5/27,2),7] 0.8 0.4 0.4 1.1 0.1 0.1

I Total

585.6 44.8 604.7 48.2 231.2 47.6 312.8 394 74.3 324 66.8 235
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Summary

€ Two body strong decays of low-lying 1P-, 1D-wave X, and 1D-wave &, /Z;
excitations have been systematically investigated in the QPC model within
the j-j coupling scheme. Both 2-mode and p-mode excitations are studied.

® =,(6327) and £,(6333)° can be assigned as 1D A-mode E, states with
J¥=3/2" and 5/2%, respectively. £, and Z;'mr are interesting channels in
the forthcoming experiments.

@ As for £.(2800), we favor explaining it as 1P A-mode X state with j¥ = 1/2".

Additionally, DN is another interesting channel for the observation.
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