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Known Charmed Baryon States
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=_ Family: PDG'2016

State Decay mode Mass, MeV /c2| Width, MeV |.J¥
Al =t 2575.7 & 3.0 1
=10 =0~ 2577.9 + 2.9 i

=.(2645)T =05+ 2645.9 + 0.5 26404 |37
=.(2645)° =k 2645.94 0.5 |< 5.5 @ 90% CL| 3"
=.(2790)* =g+ 2789.1+£3.2 | <15 @90% CL |1~
=.(2790)° 2t 2791.9+£3.3 | <12 @90% CL |1~
=.(2815)* =rrtaT, 20(2645)01F 2816.6 £ 0.9 |< 3.5 @ 90% CL|2~
=.(2815)° =0T, 2a(2645) 1 2819.6 £1.2 |< 6.5 @ 90% CL|2~
=.(2930)° ATK™ 2931 + 6 36 4+ 13
=.(2070)F| AFK -7t SFTK -, _8(264f’) 2970.7 + 2.2 17.9+3.5
=.(2970)° _8(2645,) 2968.0 £ 2.6 20+ 7
=.(3055)F MK~ 3055.1 + 1.7 1144
=.(3055)"

Z(3080) M AL K7t BFH K, 3.(2520)HH K~ 1307694 £ 0.28] 4.3+1.5
=(3080)7 | AFKIm, ¥OKY, ¥.(2520)°KY | 3079.9+£1.4 56422 g3
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Mg+ — Mg+ = (110.5 £ 0.1[stat.] £ 0.4[syst.]) MeV /c?
Mgro — Mgo = (108.3 + 0.1[stat.] + 0.4[syst.]) MeV/c?

[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)] #4



Decays to =.: =.(2790) Isodoublet
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Mz 2790+ — Mgro = (213.2 £ 0.2[stat.] + 0.1[syst.]) MeV /c?
[z 2790+ = (8.9 £ 0.6[stat.| £ 0.8[syst.]) MeV
Mz 27900 — Mg+ = (215.7 £ 0.2[stat.] + 0.1[syst.]) MeV/c?
[z 2790y = (10.0 £ 0.7[stat. ] + 0.8[syst.]) MeV

[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)] #5



Decays to =_: =.(2645) Isodoublet
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=c(2970)° | Mg _z6a5+ — Mgo = (174.66 + 0.06[stat.] + 0.07[syst.]) MeV/c?
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=.(3080)* [z (26450 = (2.35 + 0.18|stat. ] £ 0.13[syst.]) MeV

Ec (3080)0 [J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)] #6




Decays to =.: =.(2815) Isodoublet
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Mz 2815+ — Mz+ = (348.80 £ 0.08[stat.] + 0.06[syst.]) MeV /c?
Iz 2815+ = (243 £ 0.20[stat.| £ 0.17[syst.]) MeV
Mz (28150 — Mzo = (349.35 £ 0.08[stat.] + 0.07[syst.]) MeV/c?
[z (28150 = (2.54 + 0.18|stat.] £ 0.17[syst.]) MeV

[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)] H#H7



Decays to =_: = (2970) Isodoublet
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Mz 297000 — Mgo = (499.9 + 0.7[stat.] + 0.2[syst.]) MeV/c?
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[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)] #8



Family: Decays to =,

Particle Yield Mass M — M(Z,) M — M(Z.) Width

A 7055 4+ 211 257844+ 0.1 +£ 0475 110.5+ 0.1 +£0.4

PDG 2575.6 4 3.0 107.8 4 3.0

= 11560 + 276 | 25792+ 0.1 +£0.4793 108.34+0.1+0.4

PDG 2577.9 4 2.9 107.0 2.9

=.(2645)T | 1260 +40 | 2645.58 +0.06 +0.071025 | 174.66 4 0.06 4+ 0.07 2.06 +0.13 +0.13
PDG 2645.9 4 0.5 175.0 £ 0.6 2.64+0.240.4
Z.(2645) | 975436 | 2646.43 £0.07 £0.07T 5 | 178.46 £ 0.07 £+ 0.07 2.35+0.18 £ 0.13
PDG 2645.9 4 0.5 178.0 + 0.6 < 5.5
=.(2790)7 | 2231 £ 103 [2791.6 £0.2£0.1 4047073207 £024+0.1 £0.42132+£02+0.1| 89+£0.6+0.8
PDG 2789.8 4 3.2 3182 £3.2 <15
Z.(2790)7 | 1241472 |2794940.3+0.14+04707313238 £0.240.14+0.4(215.7+024+0.1| 10.04+0.7+0.8
PDG 2791.9 + 3.3 324.0 +£3.3 <12
=.(2815)7 | 941435 | 2816.73 £0.08 £0.0677 35 | 348.80 & 0.08 & 0.06 2.43 £ 0.20 £ 0.17
PDG 2816.6 4 0.9 348.7 £ 0.9 < 3.5
Z.(2815)% | 1258 +40 | 2820.20 4 0.08 +0.077055 | 349.35 4 0.08 4+ 0.07 2.54 4 0.18 £ 0.17
PDG 2819.6 4 1.2 348.8 £1.2 < 6.5
=.(2970)" | 916 455 2066.0 + 0.8 £ 0.2707 498.1 0.8 4+0.2 28.1 +2.4710
PDG 2970.7 4 2.2 17.9£3.5
=.(2970)° | 1443+ 75 2070.8 £ 0.7+ 0213 499.9 £0.7£0.2 30.3 +£2.3710
PDG 2068.0 + 2.6 £ 0.5 20+ 7

[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 94, 052011 (2016)]
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=. Family: Decays to A(Z,)
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Eur. Phys. J. C 78, 252 (2018)] #10




=. Family: Decays

=/+ _

= ~ -

E*;U ‘%140_ o ﬁ
=0(2645)T| 312} 3 ;
=.(2645)0 | o100 -
=.(2790)*| £ . ; 41
=.(2790)0 | @ o ¢ [TRRs. L §
=.(2815)F]  * :
=.(2815)%| i ¥
EC(QQBU)O 025 3M(A:3}'<_(_)3+) (62\1/102) 315 3.2 e SM(AE:&['];.*) (G:;Q//c;) 315 32
=.(2970)"

HC(ZQTO)U Particle Mass (MeV/c?)  Width (MeV/c?)
:ﬂ( ) =.(2970)" 29749 + 1.5 + 2.1 14.8 £ 2.5 +£ 4.1
=c(3055)" =.(3055)* 3058.1 + 1.0 + 2.1 9.7 + 3.4 + 3.3
=0(3055)° =.(3080)" (2.)|3077.9 £ 04 + 0.7 32 + 1.3 + 1.3
=.(3080)* =.(3080)"(27)[3076.9 + 0.3 +£ 0.2 24 £ 0.9 £+ 1.6

[1]
3
Lo
-
&L
S
T
=]

[Y. Kato, T. Tijima et al. (Belle Collaboration), Phys. Rev. D 89, 052003 (2014)] #11



Family: Decays to A(Z.)

[1]
LI
o
=
e
=
_|_

[1] L_[:]1]

]
|
| ~
o

-
—

_I_

[T]] [1]

]

ﬁ —
rx] r
—

o

L

_I_

]

L] | [1] | [1]
_ ,-r-h—-x —_—
o

: ]
]
=
=

Lo

= |
|
)

_|_

é”é_‘_][”
ol s
3|2
Sl
“-_-é—|_

Events / ( 0.004 GeV/c®)

140% |
120§
1005—
803— ______
6o
403— —f
20E =
K IR ¥ R X T R P
M(AK ") (GeV/c?)
=.(3123)"
Mass ( MeV/c?)  3122.9 +1.3 £ 0.3
Width (MeV) 4.4+34+1.7
Significance 3.60 (3.00)

[B. Aubert et al. (BaBar Collaboration), Phys.
Rev. D 77, 012002 (2008)]

: b | L 1 L I 1, "; 1. ."t J. Loalt ol 1 I | J ) 1
295 3 ,3.05 3.1 3.15 32
M(AK ) (GeV/c?)

[Y. Kato, T. Tijima et al. (Belle
Collaboration), Phys. Rev. D 89,
052003 (2014)]

#12



Family: Decays to AD
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Decay mode

Mass, MeV /c?

Width, MeV
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N | A D Collaboration), Phys. Lett. B 672, 1 (2009)]
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(). Family

Q X 0 — 4 K — Resonance Mass ( MeV) [ (MeV) N,
-
C ( ) — o 2,(3000)°  3000.44+02+£0.1792 45406403 204
! 2:.(3050)°  3050.24+0.14+0.170% 08402401 204
pKm* < 1.2MéV,95% CL
S I D 02,3066 3065.6+0.1+0.3102 35404402 239
§ 4001 | 2.(3090)° 3090240340512  874+£1.04+£08 211
— I 2.(3119)° 3119140340902  1.1+£084+04 104
= I - + < 2.6 MeV,95% CL
$ 300 | I 2,(3188)° 3188+ 5 +£13 60+ 15411
S | 1
S Lo :
< — T i ;
~ 200_ H j l"l"l ,Ji'“ i -':-’-ﬂrv!!TI H|l"u'|."":Ln AN,
i paem R ik i .!ﬂ' } [R. Adij et al. (LHCb Collaboration), Phys. Rev.
I Lett. 118, 182001 (2017)]
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(). Family
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3 3.05 3.1 3.15 3.2 3.25 3.3
M(ZK) (GeV/c )
Q. Excited state 3000 3050 3066 3090 3119 3188
Yield 377+ 11.0 282 7.7 81.7+13.9 86.6 £ 174 3.6+£69 135.2 £43.0
Significance 3.9¢ 4.60 7.20 5.7¢ 040 240
LHCb mass 3000.4 +0.2 £0.1 3050.2 £+ 0.1 £0.1 3065.5+0.1 £0.3 3090.2 +0.3+0.5 31194+0.3+0.9 3188 +5+13
Belle mass 3000.7 £ 1.0 £0.2 3050.2 + 0.4 £0.2 30649 £0.6 £0.2 30893 +1.2+0.2 e 3199 £ 9+ 4

(with fixed I')

[J. Yelton et al. (Belle Collaboration), Phys. Rev. D 97, 051102 (2018)] #17
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m=+ = (3518.7 + 1.7) MeV /c? #18
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Conclusions

- The =, state reported by LHCb is consistent with most
theoretical expectations, but it is inconsistent with being an

isospin partner to the =_ state reported previously by the
SELEX Collaboration.

- Recently observed excited (), states present a unique
opportunity to test and further improve theoretical models,
that predict properties of heavy hadrons.

= More accurate =, mass values is of both practical and
theoretical interest, and knowing their widths can then lead to
measurements of the matrix elements of their decays. These
matrix elements are also applicable to other excited charm and
bottom baryons.

= No direct measurements of the J* of any of the excited strange
charmed baryons are available. Constraints on the quantum
numbers can be inferred only from the decay pattern.

= Interesting feature is that highly excited charmed baryons can
decay to a charm meson and a non-charm baryon. #20



