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» Observation of the open-charm tetraquark state T, (2870)° in the B~ — D™ DK decay,
arXiv:2411.19781, 2. #%45PRL

e First determination of the spin-parity of the Z.(3055)"° baryons,
arXiv:2409.05400, PRL & 3% %

e Measurement of A}, A} and A decay parameters using A}, —» AYh~ decays,
arXiv:2409.02759, PRLE %

e Study of A} and E} decays to AhTh'~ and evidence for CP violation in AY - AKTK ™,
arXiv:2411.15441, € &% 4A5PRL

RIESF AT KF




RS RAEXIFRTE

- TR T . BHBEMN T ETHGERTESH
> BRSPS BN FE R R SR AR

QCDTENSIZF, MRIEXTHRME

« LHCbsCEG
Tr0(2870)° 1 T5,1(2900)°, E53H [csud]
#i\ ? *%‘t B” D" TCOS,TC%—>D+K—

Candidates / (17.3 MeV/c?)

80
70
60
50
40
30

20
10F
0:

201 9£:§/K7if)u\| |/7|§ JL %R%_& X

@@@

(g) weakly-bound hadronic molecules

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

............... v (3770) — D* D"
- %,,(3930) > D* D
1,,(3930) - D* D

PRL125(2020)242001 . | o
LHCb PRD102(2020)112003 Triangle singularity = 3

(b) 3

D(*)()

CE | IAEEHEENSES. 4
KTt

X
Xy

’r

---- Nonresonal

(2900) — DK*
(2900) — D'K*
nt

3 DK FEEIEHNFERNL
EMAEZRTY, — DYK~FITS, — DOK 4y bt

R e I | R [csad] - (cd)(@s), (cw)(ds)

2D S 35

m(D*K™) [GeV/c?] WG LT AP PRD103(2021)014004



B~ - D™ DK{=THTIHFR

arXiv:2411.19781

5B~ > D DYK"REAttL: ,.
FF[B~ » D T)o(—» DYK )] ~ 5.6% e
my o [GeV/c?]

FF[B~ - D T’y(—» DYK)] ~ 31% =

— — N0 0=ari=ETa 2\ ~240
* B~ —» D™ DK =T HRIE AT ORI
N > L S Data J
_— —_ 3 E, L 91fb wenees Fit w/o TF(2870)°
> B~ - Dy DT £F S 150 g ey
! P, I weves DS @STI) ]
> Tiso —» DOKg B&E 14530 Sk S o e |
e T . R NR (S-wave)
> TC*,S'l —_ DOKSOZ:.lLEIL% (< 20-) § I —-(NR(P—wave)
< L BN 77 ,(2870)°
:-9 60 — - Background n

o

60 Hy

40

Candidates / (0.035 GeV/c?)
(e}
S

)

BT 3
Moo [GeV/c?]

_ HD ﬁHH
— [ ATA. (1% -DOKO . ® ::'Lbjg)\»
» FNIHEGLS: R,(T29) = r((T?ff D+K_)) ~ 1 (EMZHERTER) e 0
cs]” THO%Es R, (T}
— — I =01 cs =H I\lcs
Isospin conserved N Triangle, QE 0
R(T. ,(2900)") .. o™ [EIHEREER! Triangle, OPE i 55:())1)33 (2021)
Triangle, EFT i (1 — %?) ’
RI(T:SO(287O)O) . Resonance, I =0 1
""""""""" Resonance, I =1 1 9 E{jﬁﬁ
4 -2 0 2 4 6 Resonance, I mixed tan? (9 + %) ®) 5&%%%{&

IE LT KF




EFIEF

AN

EFARRE

=\

Sc

LSl SENY

d1

-

- ANEECEREITEF
> #h7S(3 GeVIRE

Rw W W W
o O = N W

Mass (GeV)
ST T T SR SR
w N W N BN o]

N
o

R

BRI LE IR ERISEI
(6r, 35); HUE/RMEEIR (A-1R,

et

AVA = T

]
X))\

PRDI

FREEFIN,
ETHNE. ~E, RERRE

08 (2023) 034002

et

== A (==
EESCIS)

IE LT KF

St

—— 35
1 F .
— 34 1F ——
F 1 F e _ p 3 3 I 1F — P
— s B 1D
L A:(2880) 1 3.1F Z.(3080) — 2§ 1
1ID== %.(2800) ' D=
= A(2860) e 1 30tk . 2.(3055) . Er(%965) ]
A(2765) 2.(2970) == grgzgggg
F 1 29¢ ——ct ]
A(2625) =,0815) Z.(2880)
a 1P== 1 28t 1P ]
A(2595) $2(2520) E:(2790)
L s 1 27¢ EX(2645) 1
. —a
5.(2455)
3 1 26F —_ -
A(2286) 2/(2580)
[ ——15 1 25¢ i 3
2.(2470)
2.4

p-18)

Experimental values [3] RQM [223] NQM [224] NQM [225] NQM [309]
( 2286.46 % 0.14 2286 2268 2285 2286
( 2467.94+:37 2476 2466 2470
( 2452.9 0.4 2443 2455 2460 2456
( 2517.5+2.3 2519 2519 2523 2515
( 25784+ 0.5 2579 2504 i 2579
( 2645.5610:34 2649 2649 2649
( 2605.2+ 1.7 2608 2718 2731 -
( 2765.9 £ 2.0 2768 2776 2779 =
/2= (1P) R (2505) = 2502.25 £ 0.28 2508 2625 2628 2614
3/2- (1P) Ac(2625) = 2628.11 + 0.19 2627 2636 2630 2639
1/2- (1P) =.(2790) = 2792.4 £ 0.5 2702 2773 = 2793
3/2- (1P) =.(2815) = 2816.7475:39 2819 2783 = 2820
1/2- (1P) - 2713 2748 2802 2702
1727 (1P) 5700 2768 9896 9765
3/2- (1P) g 2773 2763 2807 2785
3/2- (1P) e el 2708 2776 2837 2708
5/2- (1P) 2789 2790 2839 2790
1727 (1P) = 2854 2855 = 2830
1/2= (1P)  E.(2923) = 2023.04 + 0.35 [304] 2936 = = 2900
3/2- (1P)  E.(2939) = 2938.55 = 0.30 [304] 2012 2866 - 2021
3/27 (1P)  E.(2965) = 2064.88 % 0.33 [304] 2035 2032
5/2~ (1P) = 2020 2805 = 2027
1/2- (1P) - 2966 2077 3030 =
1/2- (1P) 9.(3000) = 3000.41 + 0.22 3055 2990 3048
3/2- (1P) 9.(3050) = 3050.20 + 0.13 3020 2086 3033 -
3/2- (1P) Q.(3066) = 3065.46 = 0.28 3054 2004 3056 -
5/2- (1P) Q:(3090) = 3090.0 £ 0.5 3051 3014 3057 =
1727 (25) A.(2765) = 2766.6 £ 2.4 2760 2701 2857 2772
1/2+ (25) =.(2070) = 2066.3419-27 2059 - . 2040
1/2+ (25) - 2901 2058 3020 2850
3/2+ (25) = 2036 2095 3065 2876
1/2+ (25) 2083 2077
3/2+ (25) - 3026 3012 - 3007
/2% (28) L 3088 3B T 3357 =
3/2+ (28) Qc(3119) = 3119.1 £ 1.0 e 5155 e -
3/2% (1D) A<(2860) = 2856.1725 2874 2887 2020 2843
5/2* (1D) Ac(2880) = 2881.63 + 0.24 2880 2887 2022 2851
3/2+ (1D) =c(3055) = 3055.9 £ 0.4 3059 P = 3033
5/2+ (1D) =.(3080) = 3077.2 £ 0.4 3076 3004 . 3040
1/2+ (1D) 3041 3103 2049
3/2+ (1D) N 3040 = 3004 2052
3/2+ (1D) - 3043 = = 2964
5/2+ (1D) 3023 3003 3000 2042
5/2+ (1D) = 3038 3010 3114 2062
7/2+ (1D) - 3013 3015 = 2043
1/2+ (1D) - 3163 - - 3075
3/2+ (1D) 3160 3081
3/2* (1D) = 3167 - = 3080
5/2+ (1D) - 3153 3080 - 3077
5/2+ (1D) 3166 3001
7/2+ (1D) - 3147 3004 - 3078
1/2+ (1D) = 3287 = 3202 -
3/2+ (1D) = 3282 = 3285 -
3/2+ (1D) 3208
5/2+ (1D) e 3286 3106 3288 =
5/2+ (1D) - 3207 3203 3200 =
Q. 7/2* (1D) 3283 3206

Rept.Prog.Phys. 86 (2023) 026201




2.(3055)" ' BhE-FirillE

arXiv:2411.19781

s BUREIE)T — E.(3055)0n~EET,
> 2.(3055)"Y -5 DTOA(- pr7)

E JF =3/2%

&)

2
=
N
S

|

< isof i 2 LHCb E
% 160 —+ Data 4 I 54" 3
= . (7] r
E 140 — Total fit ERR: L
g R | £.(3055)" 1 =2 _F
100 . N i E Of
of |l = Z,(3080) i § F
60 _ - Non: t _; E
40F 4 = YF
20 3 o -
E i 2
O ettt ; . f ) - , , ) -
3000 3050 3100 3150 21 -05 0 0.5 1
2
mp.  [MeV/c?] cosf _.
--------------------------------
100 1 HCw 7 of LHCh
5. 541fb

Weighted candidates / (0.2)  Weighted candidates /

Weighted candidates / (0.27 rad)

L

S HEFAR J

SMEE,.(3055)+0

7
a Fr ¢ & * ¢ 1 * & r & T & ¥ o / - e
2 120F LHCb / /040 V / * /
= 120F p+© A= A -
§ :_ N / // A / \/Aﬁlx
RSN P
PR
2 F
= o
E L
S 4k
= L
< L
U -
O-‘-‘ Rt 5
5700 5800 5900

My [(MeV/c?]

N 2 _ 2
Bl B = He ]

|Hi |2 +[H_|?

Quantity =,(3055) =.(3055)°

0} —0.92 £+ 0.10 £0.05 =092 1016 1022

SCI1

i@,
1

£.(3055) 521-1&D-K 3
&3S 1

Sc

RIESF AT KF




==

(3055) " EHhE-FIR

-
~-c

. 2IRERIG

____________ __._____________u____m Ar
....... d wn
i ; @)
o
| ERLS!
Q\] <
S~
LN
_ ] =)
~ HE s
Sk= SR
- L —1— P
| =N SN I :
ca sl _____m_:__r_:Lm: i
o o o o o o o o ol
O F Q@ & 0 © I K
— p— p— p—

(T'0) / SevepIpued pAYSIOM

fy

cos 6

uﬁ —

_ _"_r_r_hh_—mr_r
o o o o ol
® ¥ JF Q

(Z'0) / S1ePIPUERD PAYSIOM

IE LT KF



BFEEESFIREAE

- FESLE, SRERREELE Bmhy 0 . o o
» EPTRRAEFIR, XOSHLT SR T T T

- — . )
L B(1/2%) > B(1/29) PO EEEATHRAs- R — = ——
FIRFIERp-K f5l: A—pr™ C Cw CL zg]
"R T« |s|? + |p|?
FT-MRTSH: e B
oo D) o 2B PP e TD e
T ) - ) _ A3 7t
PP T Pl 7T [P+ [P s ABTa
S _ S ——— \\ 2 — A=A —iy g;gﬁzﬁ%
REGE. 55EME, NHRNNDEFREELEAER Koo
BESIIE Fete™ » BBSHR{L. P. CPHFMEHEENE LTS 0 s 'al
Nature Phys. 15 (2019) 631 B yﬁ&EEEIIE"%"ﬁBE

IE LT KF




O S1EN A 4 —
Ay - Afh™ TSNS arXiv:2409.02759
* 7NNB - BPEZS: A) > Ath™, At > AR, Af > pK, A->pn (h

p(A7)

p(p)

A9 - A% (- pKO)h- A > Ae(=> AhR™

dF d3I‘
—dCOSQ x 1 —I—CVA(gCVASL C0891 ﬁ(KO) Acn e, X (1—i—ozAgozAjcosﬁl+aAzraAcos€2-1—04/1204/1(30391(30592
1 S
— QY4+ QA SID 61 sin 65 cos ¢y + ozAgﬁA?ozA sin 0y sin 6 sin ¢9)
Z8000F Twnoont B anmenmnans 2 e S 2000
o L 7 5 - .9 : LHCb, 9.0 b A=A ] i 0 4+ ]
3 [ Aomomkde < 1500 22000 +Data 1 5 I o A’_’:];l;;wm s
D » R 1
S 6000f D 113 i =R Ch 1 51s00f — Fit ]
I S > 1000 Ao 1500 APACARDTY o
i —:—Dacta(xploi +-Data L +113at21(>1<é;)) g
4000 . i C — Fit (x 12}
L —Fit (x10) + Jr 1000 F E 1000 AV AN (= AKH T
2000 500 - + _j[_ +_ L - u —~+ Data(x10)
: - F E —Fit (x10)
A) A= AKH T~ 4 Data(x10) S00¢ >00 i
L — Fit (x10) ] C [ LHCb, 9.0 fb
Olllll()lqllll(l)llllolglllll ol v 0'....|....|....|....' 0'. R ] !
5 5 (cos) -1 05 0 0.5 (cosb >1 -1 -05 0 0.5 0 1 -2 0 2
1 | (cos) (9 frad)

IE LT KF



MNETSE

arX1v:2409.02759
s BIRWEA} - Ath BB S Ha ~ -1, TREERY - A
Decay A) — Afr~ A) — ATK~
o —1.010 £0.011 = 0.003 —0.933 £0.042 +0.014
X 0.996 £0.011£0.003  0.995+0.036 £0.013 L BEZCP#HiR

o
(y  —1.003 £0.008 £ 0.005 —0.964 4+ 0.028 + 0.015
Ao 0.007 £ 0.008 = 0.005 —0.032 £+ 0.029 £ 0.006

- SEEITIEARSRT, REBRW INREITIES

==Cl

A

F1E)

Mode This work ~ [88] [13]" [86,87]" [89]

[16] [78]

[80]°

a(A,— A7) -99.2 -100 =99 -99
a(A, > A K) —08.2

- =99.9 -99.8 -99.9
- =100 =100 -99.9

RIESF AT KF

Af




e

A7 TETSH arXiv:2409.02759

- e SERERBEHED, B yEERAKHH

Decay AT — At AT — AKT AT — pKJ
o —0.782 £ 0.009 £ 0.004 —0.569 £0.059 £0.028 —0.744 4+ 0.012 4 0.009
Q 0.787 £0.009 £0.003  0.464 £ 0.058 = 0.017  0.765 £ 0.012 £ 0.007 %E%Cpﬁ}fiﬂi
(ay  —0.785+0.006 £ 0.003 —0.516 +0.041 £0.021 —0.754 4+ 0.008 = 0.006
A, —0.003 £0.008 +0.002  0.102 £ 0.080 + 0.023 —0.014 +0.011 £ 0.008

- IR, AR IEEE - IREUE y(Af > A*) = —0.607 0384017
[PRD 100 (2019) 072004]
aSHIBILTINS Decay AT — AxT AT —- AKT
3 0.368 + 0.019 & 0.008 0.35+ 0.12+ 0.04
Decay Korner  Xu Cheng Ivanov 3 —0.3874+0.018£0.010 —0.32+ 0.11 +0.03
CCQM  Pole  CA  Pole CCQM v 0.502 £ 0.016 + 0.006 —0.743 + 0.067 £ 0.024
AF S Axt —070 —0.67 —0.99 —0.95 —0.95 5 0.480 +0.016 4 0.007 —0.828 4 0.049 + 0.013
AF s pRO 10 051 090 049  —0.97 A (rad) _ 0.633 £ 0.036 £ 0.013 270+ 0.17 £ 0.04
A (rad) —0.678 £0.035+£0.013 —2.78+£0.13£0.03

12 e R FE L=

IE LT KF




PUERE

arXiv:2410.04675v1 [hep-ph] 7 Oct 2024

Hadronic Weak Decays of Charmed Baryons
in the Topological Diagrammatic Approach: An Update

Hai-Yang Cheng
Institute of Physics, Academia Sinica,
Taipei, Taiwan 11529, Republic of China

Fanrong Xu*| and Huiling Zhong
Department of Physics, College of Physics & Optoelectronic Engineering,
Jinan University, Guangzhou 510632, P.R. China

Abstract

There exist two distinct ways in realizing the approximate SU(3) flavor symmetry of QCD to
describe the two-body nonleptonic decays of charmed baryons: the irreducible SU(3) approach
(IRA) and the topological diagram approach (TDA). The TDA has the advantage that it is more
intuitive, graphic and easier to implement model calculations. We perform a global fit to the
currently available data of two-body charmed baryon decays within the framework of the TDA
and IRA. The number of the minimum set of tensor invariants in the IRA and the topological
amplitudes in the TDA is the same, namely, five in the tree-induced amplitudes and four in the
penguin amplitudes. Since we employ the new LHCb measurements to fix the sign ambiguity of
the decay parameters /3 and 7, the fit results for the magnitudes of S- and P-wave amplitudes
and their phase shift dp — dg in both the TDA and IRA are more trustworthy than our previous
analyses with uncertainties substantially improved. These results can be tested in the near future.
The perspective of having direct CP violation in the charmed baryon sector at the per mille level
is briefly discussed.
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* Dedicated flavor experiment at CERN for b, ¢ hadrons
» pp collisions at /s = 7, 8,13,13.6TeV, [ L = 10 fb™*
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Three angles of the Unitarity triangle
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Study of B* —» D** DTK* decays
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Candidates /(18 MeV)

Candidates /(18 MeV)

Open charm tetraqua rks arXiv:2406.03156
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Introduction

"« The Standard Model (SM): remarkably successful at

describing particles of nature and interactions between them

* But answered questions/observations

» Dark matter, dark energy

» Baryon Asymmetry in the Universe (BAU): ng/ng > 1

» Quark/lepton family structure and masses
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Must there be New Physics (NP)




Flavor physics

* Most SM parameters related to flavor structure

Yukawa couplings (9), Quark mixing (4), Gauge couplings (3), Higgs potential (2)

* General 1dea of flavor physics for NP s, Vet Vi b
» Possible new physics enters in (low-energy) O § § (
quantum loops b Vi v s

» Deviations w.r.t SM = possible new physics

Complementary to direct detection of BSM
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Quark flavor physics

* SM rare/forbidden decays, may be enhanced/allowed by new physics
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E.g.: Flavor Changing Neutral Current (FCNC), b — s...

* Charge conjugation-Parity (CP) violation
» One of the Sakharov conditions to explain BAU
» Incorporated in SM by CKM matrix, quark flavor eigenstates = mixing of mass eigenstates

Vid Vus Vb > Unitary matrix
Vexkum = VLU VLd f— Via Ve Vo > 11701111r pararllll.etgrs: 3 mi_xinggj ;{}gle and
i ner
Via Vie Vi phase which generates

» s CKM the only source of CPV? No, CPV from CKM far below that required for BAU
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