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Overview of experimental status

New hadronic states from LHC

More and more heavy baryons were reported
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Overview of experimental status

n Charm baryon
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Overview of experimental status

Bottom baryon More than 20 states have been announced
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Overview of experimental status

|2d Selected for a Viewpoint in Physics , b
PHYSICAL REVIEW LETTERS 15 SEE e 017 Dou Iy

s charmed

Observation of the Doubly Charmed Baryon Z;*
* baryon

PRL 119, 112001 (2017)

R. Aaij et al.”

(LHCb Collaboration)
(Received 6 July 2017; revised manuscript received 2 August 2017; published 11 September 2017)

A highly significant structure is observed in the Af K~ ztz" mass spectrum, where the A} baryon is
reconstructed in the decay mode pK~z'. The structure is consistent with originating from a weakly
decaying particle, identified as the doubly charmed baryon Z/". The difference between the masses of the -
Ef;F and A} states is measured to be 1334.94 £ 0.72(stat.) &+ 0.27(syst.) MeV/c?, and the E}:F mass is RN's
then determined to be 3621.40 + 0.72(stat.) & 0.27(syst.) £ 0.14(A}) MeV/c?, where the last uncer-
tainty is due to the limited knowledge of the A} mass. The state is observed in a sample of proton-proton TICLE
collision data collected by the LHCb experiment at a center-of-mass energy of 13 TeV, corresponding to an
integrated luminosity of 1.7 fb~!, and confirmed in an additional sample of data collected at 8 TeV.

DOIL: 10.1103/PhysRevLett.119.112001 180
LHCb 13 TeV

160
% 140 =+ Data s
o - Total
E 120 v Signal
E‘. 100 - =+ Background . H. +
W H
E,f; 80 i T
= Ty
i o
O 40

1 T A 1 | L i i

1 1 A A 1 1 .d"‘:‘.
3500 3600 3700

m_ (Ee) MeV/e?)

Xiang Liu@ Lanzhou Univ. Spectroscopy of heavy baryons January 15, 2024



n Theoretical approaches for studying the spectroscopy of singly heavy baryons

Typical few-body system SU(3) flavor multiplets of charm baryons
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Mass spectrum Potential model -
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Mass spectrum Potential model _
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Mass spectrum Potential model _
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Mass spectrum |QCD sum rules |Lattice QCD |Regge trajectory

QCD sum rules Regge trajectories Lattice QCD
X. Liu, H. X. Chen, Y. R. Liu, A. Hosaka D. Ebert, R. N. Faustov and V. O. Galkin, M. Padmanath and N. Mathur,
and S. L. Zhu, Phys. Rev. D 77, 014031 Phys. Rev. D 84, 014025 (2011) Phys. Rev. Lett. 119, 042001
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Decay modes

Amplitude:
O L R ML (p) = (BC, JpeL, pIFIA)
x Wi (B ) g P ! od ) »
Partial width:
0**: match the quantum number of amplitude Tk = 2n EEPEc(P)p |Mf_cféc(p)|2

A

L. Micu, Nucl. Phys. B10, 521 (1969)
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Theoretical approaches for studying the spectroscopy of singly heavy baryons

Decay Radiative decay
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Recent progresses on single heavy baryons

PHYSICAL REVIEW LETTERS 131, 131902 (2023)

Editors' Suggestion

Observation of New Q! States Decaying to the 2 K~ Final State

R. Aaij ef al.”
(LHCb Collaboration)

Q3065 — EH(EIYK mmma 0.3000° — =K —F— Data
B 2.(3090)° — Ef(—E YK~ =meee- .QC(3050)0 — =K = = = Combinatorial background
Q3119 5 EHSEYK™  mmenns 02,3065 — EZiK- Total fit
Bl 03185 > EfK eeeees 02.3090) — EZiK-
Bl 23327 > EfK- eeeees 02,3119 — =K
x10° x10°
YTt rrr 1 rrrrrrrr ot 14F T ° T T T T
R ~ 1l LHCb
> > 0
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) NUBI |
E 2 |
5 2 6
% 1 —9 s |
= 2 4 ’
Q <
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o Lo L T NP PP O. .y
3000 3100 3200 3300 3400 3500 3000 3100 3200 3300 3400

m(ZcK7) [MeV] m(ZK") [MeV]

Resonance m (MeV) I' MeV)
Q,(3000)° 3000.44 + 0.07 3.83+0.23
Q.(3050)° 3050.18 + 0.04 0.67 £0.17
Q.(3065)° 3065.63 + 0.06 3.79 £0.20
Q.(3090)° 3090.16 +0.11 8.48 +0.44
Q.(3119)° 3118.98 +0.12 0.60 £0.63
Q.(3185)° 3185.1 £1.7 50+7
Q.(3327)° 3327.1£1.2 20+ 5

Q,(3327)
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Recent progresses on single heavy baryons

Decoding the properties of €2.(3327): Mass+Strong decay

34 e '

I Q.(3327)
33F 1D ===

2 .. | €.3327)isagood candidate for 1D

3.1 .

Q(
Qc( r
== . state of charm baryon family

Mass (GeV)

29

Q:(2700) -

e

0.0695) S.Q. Luo and X. Liu, Phys. Rev. D 107, 074041 (2023)

2.8
1S

2.7

2.6

TABLE IV. The partial and total decay widths of the --mode excited Q.(1D) state in units of MeV. The forbidden couplings are
denoted by the symbol “x.” The number “0.0” implies that the partial decay width is less than 0.1 MeV. Here, we do not consider the
mixture between Q.(1D,3/2") and Q,,(1D,3/27") or the mixture between Q.,(1D,5/2") and Q(1D,5/2%). When presenting
these decay behaviors, the masses of these six 1D states of Q. are from the experimental mass of Q.(3327).

Decay channels  Q,,(1D,1/2%)  Q,(1D,3/2%) Q,(1D,3/27) Q,(1D,5/27) Q,(1D,5/2%)  Q.,(1D,7/2+)

E.(2470)K 2.7 2.7 X X 13.4 13.4
2.(2790)K 125.0 0.5 1.1 0.4 3.6 0.0
2.(2815)K 0.0 114.1 0.0 0.1 0.0 0.3
2/.(2580)K 3.9 0.9 8.7 2.6 3.0 1.7
2 (2645)K 2.7 6.7 5.2 15.8 2.2 3.0
Q,(2695)n 0.4 0.1 1.0 0.0 0.0 0.0
Q.(2765)n 0.0 0.0 0.0 0.1 0.0 0.0
ED 244.9 15.3 137.8 31.3 2.2 80.6
ED* 5.6 16.3 3.8 10.2 0.0 0.0
Total 385.2 156.6 157.6 60.5 24.4 99.0
Exp. 20 £ 571 [1]
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n Recent progresses on single heavy baryons

Why are we interested in the 1F state of the singly heavy baryon?

* Well established 1S states

* More and more candidates for 1P states
e Some candidates for 1D, 2S, 2P states
* 1F states are still missing

 Test phenomenological mode applied to depict low-lying states

Symmetry  States J s¢ 1, I L g
_ Ac/Ec(nF,5/27) 2 0 0 3 3 3
A d itati Q- M AJEnF, T2 7 0 0 3 3 3
-Modade excitatlion * c/Ec(nF,7/27) 2
/B [Qo(nF,3/27) 2 1 0 3 3 2
A (I =3) e : _) 5
Zcz/dcz/ﬂcz(nF,S/z ) 5 1 0 3 3 2
’ X3/8 . /Qa(nF,5/27) 3 1 0 3 3 3
‘ p " 6f -—f3 3 3
ql qz 203/&03/96-3(?1}7, 7/2 ) 5 1 0 3 3 3
(l, = 0) SeafB,/Quu(nF,7/27) T 1 0 3 3 4
Sea/B,/Qea(nF,9/27) 5 1 0 3 3 4

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)
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Recent progresses on single heavy baryons

337 —1\3.5¢ 1 3.6 ~S
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Sl e == L SIBR 1. aem
2 5 7 LAT69) 1 5[5 1P == 20023) ] 31} e
| U A(2625) 1 77 - ®  E.(2880) ¥ [ Ui Qc£30503
S S 6l IPC_Q_ I ol 1;@5) 1 3.0 * Q:(3000)
o A:(2595) %1(2520) 1t =(2790) 1 99
2.5} s 1 27¢ £:(2645) Tl
oat 5. (2455) 126k s 1 2.8 @65
A ] OFf — ] | e
: : i £/(2580) ] [ 1S
[ A.(2286) K g ‘ 1 27F ——
23 s ; 25 F —— 1S ) L Q.(2695)
i ! [ E.(2470) g [
2.2 2.4 2.6

TABLE III. A comparison of predicted masses for F-wave singly charmed baryons from various studies. Here, the listed masses are in
units of MeV.

States Our Ref. [81] Ref. [80] States Our Ref. [81] Ref. [82] States Our Ref. [81] Ref. [80]

A(1F,5/27) 3075 3097 3104 E.(1F,5/27) 3292 3278 3289
A.(1F,7/27) 3079 3078 3111 E.(1F,7/27) 3295 3292 3294

X,(1F,3/27) 3276 3288 3299 E,(1F,3/27) 3427 3418 3424  Q,(1F,3/27) 3540 3533 3525
X,(1F,5/27) 3283 3254 3304 E,(1F,3/27) 3433 3394 3428 Q. (1F,5/27) 3547 3515 3528
X4(1F,5/27) 3247 3283 3299 E,(1F,3/27) 3408 3408 3424  Q,(1F,5/27) 3532 3522 3525
X3(1F,7/27) 3252 3227 3305 EL(1F,3/27) 3412 3373 3428 Qs (1F,7/27) 3537 3498 3529
X.4(1F,7/27) 3207 3253 3299 E,(1F,3/27) 3382 3393 3423  Q(1F,7/27) 3521 3514 3524
X.4(1F,9/27) 3209 3209 3305 E/,(1F,3/27) 3383 3357 3428 Q.4(1F,9/27) 3520 3485 3529

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)
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n Recent progresses on single heavy baryons

Decay channels M, MeV) A (1F,5/27) A.(1F,7/27) Some typ|ca| OZl-allowed

>.(18,3/2)x 2520 0.5 0.8 3
s (P32 2779 o5 02 strong decays of 3. states
>0 (1P,5/2 )z 2796 0.8 9.5
ND 9.9 11.8

L0 0.8 BRIA(1F,7/27) - ND*] = 63.5.9 %
Total 43.3 63.3

ﬂ

Decay channels M, MeV) E.(1F,5/27) 1F,7/27) Width is not so broad

[1]

=, (1P,3/27)x 2926 1.5 0.1
Ea(1P.5/27)x 2945 0.2 16 BRIE.(1F,5/27) = £D*] = 54.7%
5. (1S, 1/29)K 2455 0.7 0.7
%.(18,3/21)K 2520 1.2 1.7 _ B
>,(1P,3/27 )k 2779 4.4 0.0 BR[E(1F,1/27) — ZD*] = 60.2 %
S (1P,5/27)K 2796 0.0 0.6
AD 0.5 2.1 .
sD 10.0 9 Searching for these states
AD* | 4.0 5.2 | can be accessible at
>D* 28.3 54.3 .
" 5 5 experiment
Total 51.7 90.1 _

S S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)
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n Recent progresses on single heavy baryons

Some typical OZl-allowed strong decays of 6f states

More decay channels are open, making decay more complicated

2(1F) E.(1F) Q:(1F)
Z(1P)m X.(1P)K We suggest
S (1D A (1P\K search for
(1D)m C(_ ) them via
Acmtm AcKn these decay
modes
AD >*D Br [Q.(1F,3/27) — E*D] ~ 30.8%

Br [Q.,(1F,3/27) — ED*]| ~ 42.2%

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)
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Recent progresses on single heavy baryons

PHYSICAL REVIEW LETTERS 123, 152001 (2019)

W0r—————————————————————]
E Y, region R LHCH 1
. . 300 “ —
Observation of New Resonances in the A)z* 7z~ System ] B
R. Aaij et al.” 200 ar
(LHCb Collaboration) iaad ]
100 = ~
® (Received 6 August 2019; revised manuscript received 27 August 2019; published 11 October 2019) . - .
= n —
We report the observation of a new structure in the A)z "z~ spectrum using the full LHCb data set of pp - - . _ . i
collisions, corresponding to an integrated luminosity of 9 fb~!, collected at \/s = 7, 8, and 13 TeV. A study i u zb reglon == Ap(6152)" ----- background 4
of the structure suggests its interpretation as a superposition of two almost degenerate narrow states. The Nl 600 — 4+ === 1‘\1)(61 46)0 total ]
masses and widths of these states are measured to be my, (61460 = 6146.17 £ 0.33 £ 0.22 + 0.16 MeV, ) - / WA it + ]
M o520 = 6152.51 +0.26 + 0.22 + 0.16 MeV, Ty (61460 = 2.9 % 1.3+ 0.3 MeV, T, (g1500 = 2.1 = 400 bbb Kot LS
~/ —
0.8 £ 0.3 MeV,with a mass splitting of Am = 6.34 £ 0.32 +0.02 MeV, where the first uncertainty is = _ _
statistical, the second systematic. The third uncertainty for the mass measurements derives from the ':-‘5 200 — ]
knowledge of the mass of the Ag baryon. The measured masses and widths of these new excited states O ~ { * 5 ]
suggest their possible interpretation as a doublet of A,(1D)° states. n " Pt m
i NR region i
2000 +7]
200 - Py
. B - ++"'+ 7]
LH : e
= | 1000 - L _
=100 IO i
| i S 'aN . ]
= i 0
; 6.15 6.2
0
mz\?)ﬂ*‘?‘t_ [Ge\/]
= mAb(6146)0 - 6146.17 :t 0.33 :t 0.22 :t 0.16 MCV,
L0 r
=100 _
=] my, (61520 = 6152.51 £ 0.26 £ 0.22 £ 0.16 MeV, A,(6146)
= FAb(6146)0 = 2.9 + 1.3 + 0.3 MCV,
0 —
I B NP B B FAb(6152)0—2.1i0.8i0.3MeV, Ab(6152)
5.8 5.85 5.8 5.85
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Recent progresses on single heavy baryons

B. Chen, S.Q. Luo, X. Liu, T. Matsuki, Phys. Rev. D.100, 094032 (2019)

30f Ap(6152)° l6.2 TABLE II. Partial widths of strong decays of A,(6146)° and
(et Poeser T A, (6152)° as the D-wave excited states (in MeV). The super-

2.8}, A 2769 A.(2860)* T <020, MV T o script letters p and f mean that the corresponding decays occur
> 256 MeV e via the p-wave and f-wave, respectively.
(“5 IPAC(2625)+_ ] 1 Ap(5912)° T :5 .
£2° /\0(2595)“{l 2 i Decay mode A,(6146)° [3/21(1D)] A, (6152)° [5/2F(1D)]
czc@ ” 330 MeV ISAL&O) R :5.6 Zb (5815)7[ 3.25P 0.22f

ISAC(2286)+ l : 22(5835)7I 0.657, 0.28/ 4.037, 0.14/
221 AS A IR Total width 4.18 4.39

Expt. [12] 29+13£03 21+08=+0.3

FIG. 2. The established A} and A states and the newly
observed A,(6146)° and A,(6152)°.

TABLE IV. Partial widths of strong decays of the D-wave E, PHYSICAL REVIEW LETTERS 128, 162001 2022) g ry
baryon states (in MeV). The superscript letters p and f represent

the COI'I'CSpOI’ldil’lg decays OCCllI'iI’lg via the p-wave and the Observation of Two New Excited E) States Decaying to AJK~z*
f-wave, respectively. R. Aaij et al.’

(LHCb Collaboration)

Decay mOde Eb (6327) [3/2—|— ( 1 D)] Eb (63 30)0 [5/2+ ( 1 D)] ™ (Received 13 October 2021; revised 9 February 2022; accepted 23 March 2022; published 21 April 2022)

Two narrow resonant states are observed in the AYK~z" mass spectrum using a data sample of proton-

=/ (593 5) T O 39 p O 09 f proton collisions at a center-of-mass energy of 13 TeV, collected by the LHCb experiment and
b * . corresponding to an integrated luminosity of 6 fb~'. The minimal quark content of the A)K~z" system
Z ( 58 1 S)K 1 7 3 p 0 Oof indicates that these are excited =Y baryons. The masses of the E,(6327)° and E,(6333)° states are
b ’ : m[E,(6327)°] = 6327.2810% 4+ 0.12 £ 0.24 and m[Z,(6333)°] = 6332.697 17 £ 0.03 £ 0.22 MeV, re-
Ez (5955)71' O.ng , 0. 15f 0.5 lp , 0.07f spectively, with a mass splitting of Am = 5.41702% + 0.12 MeV, where the uncertainties are statistical,
« systematic, and due to the A) mass measurement. The measured natural widths of these states are consistent
> b (5 835 ) K 0.027, 0.00/ 0.097, 0.00/ with zero, with upper limits of ', (6327)°] < 2.20(2.56) and T'[E,(6333)°] < 1.60(1.92) MeV at a 90%
(95%) credibility level. The significance of the two-peak hypothesis is larger than nine (five) Gaussian
. standard deviations compared to the no-peak (one-peak) hypothesis. The masses, widths, and resonant

Total width 2.38 0.76

structure of the new states are in good agreement with the expectations for a doublet of 1D EJ resonances.

Confirmed by LHCb
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Recent progresses on single heavy baryons

Eur. Phys. J. C (2020) 80:301 THE EUROPEAN M)
https://doi.org/10.1140/epjc/s10052-020-7874-1 PHYS'CAL JOURNAL C %’;ﬁ:akté‘s"
Regular Article - Theoretical Physics 0.04
' My D*N .
. + 0.00 — =
Resolving the low mass puzzle of A.(2940) = | ]
S oo o ]
Si-Qiang Luo'2, Bing Chen?-°, Zhan-Wei Liu'->-°, Xiang Liu'>-® S 2937 MeV': 1
1- o+ L+ 3 g 008 A2P5) | 7
2 2 .
-0.12 ]
= 200 207 2or 206 208 300 302
o) _ _ 41 Mev—]
% . _ L 0.04 [ -1t " "~1 ¢+~ 1 T 11 ]
= [ L s D‘:N Ml:)hy ]
4t 15 0 B b X(3872) - Ac(2940)7 000l 5 : /
- A405)T 1o 3bpr@siny*| 29[ N 5 ' ]
_ < 004 2978 MeV
light heavy-light heavy heavy = [ : 1
baryon meson quarkonium  baryon f] -0.08 E AP ) | 1
[ M- M, ! ]
Introducing unquenched effect 0121 g i '
290 292 294 29 298 300  3.02
to solve the mass puzzle 2t

Fig. 2 The dependence of functions M — My and AM (M) on M for
M — My — AM(M) =0, Ac(2P,3/27) (up) and A.(2P, 1/27) (down). Here, the My values
2 correspond to the red points of the intersections of two lines are physical
bare - * P p pny
00 5 ‘MAC (2P,3/27)=>D N(Q)‘ masses of the A.(3/27,2P) (up) and A.(1/27,2P) (down) states.
AM(M) = Re f dq q The gap between the two subgraphs represents that the physical mass
0 M — Ep+n(q) of A.(2P, 1/27) is 41 MeV higher than that of A, (2P, 3/27)
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Recent progresses on single heavy baryons

2480 MeV

Bare mass ——_ Baremass -
0.04 Mphy = 2364 MeV My = 2441 MeV ]
160 MeV P 2 ! ; AM =177 MeV | :
T = O.OO _______________ - T ]
1) O e NN\ =K % s : .
4 @) ' .
45 MeV — -0.04
D%(2317) ——¥ Y __ O (IP.1/2- = !
0 — Q,(1P,1/27)

= .08f
FIG. 1. The similarity between D%,(2317) and Q.(1P,1/27). < [

The predicted bare mass of D meson is taken from the GI model
[12,13]. The dashed lines represent DK threshold (left) and K
threshold (right).

012}
[ M — My
016F

230 2.32 231 236 238 240 242 244 246 248 2.50
M (GeV)

DFR) D DR oliP) =0 e0p The mass of the ng(lp 1/27)
IS predicted to be 2945 MeV,

s [Pl o\ [ . which is below the = K
o Mie=! 0 [ PapQalfER) || e | | e C
e .~ Jlei) &) threshold due to the nontrivial

coupled-channel effect.

S.Q. Luo, B. Chen, X. Liu, T. Matsuki, Phys. Rev. D.103, 074027 (2021)
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Recent progresses on single heavy baryons

Universal behavior of mass gaps existing in the single heavy baryon family

Table 1 The measured masses of 15,28, 1P, 1D A} and E baryons
[60] and the mass gaps of corresponding states (in MeV)

nL(JP) States Masses Mass gap
15(1/2%) A (2286)T/E.(2470)T  2286.5/2467.9 | 181.4
1P(1/27)  Ac(2595)T/E.(2790)T  2592.3/2792.4 | 200.1
1P(3/27)  A.(2625)7/E.(2815)t  2628.1/2816.7 | 188.6
25(1/2%) Ac(2765)T/E.(2970)T  2766.6/2966.3 | 199.7
1D3/27)  A.(2860)T/E.(3055)"  2856.1/3055.9 | 199.8
1D(5/27)  A.(2880)T/E.(3080)"  2881.6/3077.2 | 195.6

System  Number of strange quark

AT, 0
=B 1
Q. 2

Table 3 The observed X, E’Q, and €2 baryons [49,60] and the cor-
responding mass gaps involved in these states (in MeV). In the last
column, there are two values for each line, where the first value is the
mass gap of the first and the second states listed in the second column,
and the second value denotes the mass difference of the second and the
third states. Here, €2, (- - -) denotes the absent 1§ €2, (3/ 21) state in

the experiment

nL(JP) States Mass gap
18(1/2%) 2 (2455)T /EL(2570) T/ .(2695)° | 124.4/116.8
25 (5815)/ B}, (5935) 7/ Q2,(6046)~ | 124.4/111.1
153/2%) XX (2520) T/ BX(2645)T/ Q. (2765)° | 127.2/120.3
25 (5835)T/ E5(5955) 7/, () 125.0/ - - -
IP(3 or3 ) X.(2800)7F/EL(2939)°/2.(3065)° | 137.6/127.0
%5 (6097)~ / E),(6227)~ / 25,(6350)~ | 128.9/123.0

B. Chen, S.Q. Luo, X. Liu,

Eur. Phys. J. C 81 (2021) 474

Xiang Liu@ Lanzhou Univ.
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Recent progresses on singly heavy baryons

Table 4 The measured mass

splittings of the 1P and 1D A ¢ states Splitting Eo states Splitting
states of Ac and Ec baryonsdue  \ (7595)+ /A (2625)* 35.8 2. (2790) "/ B (2815)* 24.3
to the spin-orbit interaction. The

Ac(2860)1 /A (2880) 25.5 E.(3055)"/E.(3080)*" 21.3

corresponding spin-parity
quantum numbers of these states
can be found in Table 1

For the nL excited states of AQ and EQ, the two states with J = L — 1
and J = L + 1 are generated

MA (L) T Ma-Y = Mg (L) — Ma (L-1)

B. Chen, S.Q. Luo, X. Liu, Eur. Phys. J. C 81 (2021) 474
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n Recent progresses on singly heavy baryons

. —_ . Application
We may predict the mass of =, excitation

M —excited = M

ground + (m Acxcited — m Aground)
b b

b b

r—
=
I

mz=,(28,1/2+) = 6257 MeV
Mgz, (1pP,1/2°) = 6097 MeV mg,(1P,3/2) = 6105 MeV
Mz, (1D,3/2+) = 6331 MeV Mz, (1D,5/2%) = 6337 MeV

« CMS [1] and LHCDb [2] confirmed our prediction for the mass of =, (1P)
 LHCDb [3] confirmed our result for the mass of =,(1D) state

1] [CMS] Phys. Rev. Lett. 126, 252003 (2021)
2] [LHCb] Phys. Rev. Lett. 131, 171901 (2023)
3] [LHCDb] Phys. Rev. Lett. 128, 162001 (2022)

B. Chen, S.Q. Luo, X. Liu, Eur. Phys. J. C 81 (2021) 474
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Summary

* So far, there are about 56 single heavy baryon states
discovered by experiments.

2.6),L.9) =)7(5), Z(3), E4(3), ,(5)

Charm baryon family

AF(8), E0H(T), T (4), A(6),

A + (I P) S-wave P-wave D-wave F-wave _0 + (/ P) S-wave P-wave D-wave F-wave
¢ 1/2* 1/2- 3/2" 3/2* 5/2+ 5/2= | 7/2- 1/2* 1/2- 3/2 3/2* 5/2*% 5/2° | 7/2°
n=1 | A.(2286)* | A.(2595)* | A.(2625)* | A.(2860)* | A.(2880)* n=1 Ec(2470)°* | 2.(2790)°* | £.(2815)%* | E.(3055)%* | £.(3080)°*
n=2 | A(2760)* | A.(2910)* | A.(2940)* n=2 | £.(2970)°* £.(3123)*
n=3 n=3

Z UP) S-wave P-wave = (IP) S-wave P-wave
¢ 1/2* 3/2* 1/2- 1/2- 3/2- 3/2- 5/2- - 1/2* 3/2* 1/2~ 1/2- 3/2" 3/2" 5/2~
n=1 %.(2455) | £2(2520) x.(2850) %.(2800) n=1 2.(2580) | 22(2645) | E¢(2880) | £.(2965) =1(2923) | £.(2939)
n=2 n=2

D-wave D-wave
1/2* 3/2* 3/2* 5/2* 5/2* 7/2* 1/2* 3/2+ 3/2+ 5/2* 5/2* 7/2*
n=1 | n=1
A.(2910)*: This state was reported by the Belle collaboration in the B°

Q (I P) S-wave P-wave g
c 1/2* 3/2* 1/2- 1/2- 3/2" 3/2" 5/2" decay process. It could be a 5 (1P) state.
n=1 0(2695) | 9:(2770) | 0.(3000) | 2(3090) | 2:(3050) | 2(3120) | 2:(3065) ."?.c(297())°'+:The]‘D quantum number has been measured by Belle.
=2 | 0,(3188) E.(3123)™: This state was only seen by BABAR.

D-wave
12+ 3/2+ 3/2* 5/2* 5/2+ 7/2* 2.(2850)°: This state was only reported by BABAR.
l ol 0.(3327) ©.(3327)°: It might be the first D-wave heavy baryon with bad diquark.

Spectroscopy of heavy baryons

January 15, 2024
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Summary

Bottom baryon family

S- P- D- F- P S-wave P-wave
Ag (] P) waze _ wave _ . wave . - wave _ 2,J7) i T e i T T S0
1/2 1/2 3/2 3/2 5/2 5/27 | 7/2 n=1 | £,(5815) | £} (5835) %, (6097)
n=1 Ab(5620)° Ab(5912)° Ab(5920)0 Ab(6146)° Ab(6152)° == n=2
D-wave
’1=2 Ab (6070)0 - - - - 1/2+ 3/2+ 3/2+ 5/2+ 5/2+ 7/24‘
n=3 o n=1
=1 TP S-wave P-wave
=0,— (] P) S-wave P-wave D-wave F-wave 2,0%) 12+ 32" 1/2- 1/2- 3/2- 3/2- 5/2-
~b 1/2* 1/27 3/2° 3/2* 5/2* 5/2- | 7/2 n=1 | 2,(5935) | £;(5945) =1, (6227)
n=1 Z,(5800)%~ E,,(6087)° Eb(6095)° Z,(6327)° £,(6333)° - n=2
n= —— ——— —— —— —— D-wave
— 1/2+ 3/2+ 3/2+ 5/2+ 5/2+ 7/2+
= n=1
S-wave P-wave
P
Qb(l ) 1/2* 3/2* 1/2~ 1/2~ 3/2° 3/2° 5/2~
n=1 Q,(6046) Q,(6350) | 2,(6340) | Q,(6316) | 2,(6330)
n=2
D-wave
1/2* 3/2* 3/2* 5/2* 5/2* 7/2*
n=1

The 1S, 2S, 1P, and 1D Ag states may have been established by experiments.

=,(6087)°/2,(6095)": Two 1P candidates with J = 1/2~ and 3/2~ were observed
by LHCb

Spectroscopy of heavy baryons
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Summary

e The potential at Super Tau Charm Facilities for exploring
charm baryons
BESIII arXiv:2312.08414

Measurements of Born Cross Sections for e"e™ — AFA.(2595)" + c.c. and
ete” — AFA.(2625)" + c.c. at /s = 4918.0 and 4950.9 MeV

L B L B L L L L W77 71 ]
100 mere” — AR (2595)+c.c. | 7 [sole'® = AA(2625) sc.c. 1 &y F 15=4918.0 MeV E
| ¥ '[:);t:ur;, ) | QUL e Vs=4918.0 MeV ] § C «Data [7]Sideband ]
a_— 1 ~ B P —_ . _-
- Threshold ! P - 4 \s=4950.9 MeV 8 100 - = Fit curve ]
i ! , BN N ~ [ —s,, [AZK(2595)] a ]
— : ! 2100 80 - — —
_a N I : § L 8 [~ =S, [A¢A(2595)] i
— | oter s AR - ! i S [ =S, [A:A,(2625)] ]
o S0[e'e > AA(2625)+c.c. | e 0 S 0 —s, A, (2625] B
| @ Data | - S 50 _ ~ F e
| —Fit curve i ) @ L I
-- Threshold ! - s I § -
. | i . o i 20 F
N : : - O — ] m [
ol —— 0 H I B T R S B B 0 B
4860 4880 4900 4920 4940 1.0 0.5 0.0 0.5 1.0 : G \2,/602
\'s [MeV] coso A+ [GEV/CT]

Super Tau Charm Facilities: A good platform for mvestlgatlng
higher states of charm baryon family! ><
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