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Motivation

* A few selectively chosen topics

— Why charm baryons matter

* Lyingin the transition region between the perturbative & non-perturbative energy scales in QCD

* Hadronic form factors are not well known for baryons as they’re for mesons

— In this talk,

* BF (branching fractions):

crucial for the test/constrain of the theoretical models

* LFU (lepton flavor universality):

in Standard Model, charged weak current interaction has an identical coupling to all lepton generations

e CPasymmetry parameter A via decay parameter a:

an observable able to test CP violating process in the charm baryon sector

e Characterizing charm-baryon states
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Motivation  PromptA.#*/D%in pp @ Vs = 5.02 TeV ALICE
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O [ ALICE pp, /s =5.02 TeV
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PYTHIA 8 (Monash) / Eur. Phys. J. C 74, 3024 (2014)
Based on fragmentation functions from e*e

—=— PRL 127 (2021) 202301
—&— This paper
—— PYTHIA 8 (Monash)
-------- PYTHIA 8 (CR Mode 2)
0.6/,..... i 1 Catania, fragm.+coal.

I SH model + RQM

PYTHIA 8 (CR Mode 2) / J. High Energy Phys. 08 (2015) 003

Color reconnection beyond leading order,
Introduce new junction topologies which results in increased baryon yield

Catania / Phys. Lett. B 821, 136622 (2021)
Thermalized system of gluons, light quarks and antiquarks (QGP).
Hadronization via coalescence and fragmentation

0.4

PRC107, 064901 (2023)

- SH model / Phys. Lett. B 795, 117 (2019)
---- ] Replaces complexity of hadronization by thermo-statistical weights,

LT
- - -
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0 :2_ IPOMATNN,
.

. ] governed by the masses of hadrons at a universal hadronization
L — ,.‘l') L ' : “temperature”
GeV/c
EPJC76, 397 (2016) pT ( ) QCM / Chin. Phys. C 45, 113105 (2021)

Charm is combined with co-moving light antiquark or two quarks.
Abundances of charm baryon species are determined by thermal weights

— Examples of measurements in ALICE (1/2)

* Significant baryon enhancement vs. e*e” result

* Models based on e*e’/ep fragmentation functions cannot describe the data
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Motivation  Prompt Z.0+/D% and Q.%/D%in pp @ Vs = 13 TeV ALTGE
PRL127, 272001 (2021) PLB846 (2023) 137625
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— Examples of measurements in ALICE (2/2)

e Even larger baryon enhancement vs. e*e” for charm-state baryons

* No absolute branching ratio is available for Q > - Q "n* yet:

lack of measured BR does not allow to significantly constrain the models

- Catania: PLB821, 136622 (2021)

- PYTHIA8 Monash 2013: EPJC74 (2014) 3024
- PYTHIA8 CR Mode: JHEP 08 (2015) 003

- QCM: EPJC78 (2018) 344

- SHM: PLB795, 117 (2019)
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Apparatus ALICE ALICE
ALICE apparatus in Run 1 and 2 (2010-2018)

Data samples (Run 2)

Vs = 5.02 ~ 19 nb'! (MB)

pp -
Vs =13 ~32 nb (MB)
p—Pb Vsyy = 5.02 ~ 287 pb (MB)

~ 130 bt (0-10%)

Pb—Pb Vs, =5.02
~ 56 ub (30-50%)

Channels under study

Baryons

At (udc) > Aetv,, pK mt*, pK® = " (usc) > = m*m*

20, * (ddc, uuc) > A fm ot Q0l(ssc) > Q n*,Q ety

=0 (dsc) > =-e'v,, = m*

# VO  triggering, centrality " % TPC tracking, PID via dE/dx

ITS  tracking and vertexing ¢ # TOF  PID via time of flight




Apparatus

A

Tracking

'\/.
Vertexing

LHCb

SPD/PS
RICH2 N

JINST 3 (2008) S08005, IJMPA 30 (2015) 1530022

— LHCb detector in Run 1 and 2 (2010-2018)

* Single arm forward spectrometer covering2<n<5

* Designed for the study of particles containing b or ¢
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* Excellent vertexing, tracking, momentum resolution and PID
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2017 2018 2019 2020

Date of arXiv submission

2021 2022
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Apparatus Belle & Belle Il

Belle @ KEKB Belle Il @ SuperKEKB

. .+ ._Aerogel Cherenkov cnt. KL and muon detector:
SC solenoid << < /\9\,< n=1.015~1.030 o Resistive Plate Counter (barrel)
1.5T \,;;Q N i —"\“- P —— “Scintillator + WLSF + MPPC (end-caps)
=il | o R EM Calorimeter: ,
CsI(TI) Sl \\‘ A é, eV e’ Cs|(T1), waveform sampli
16X, il ‘\\f"g ﬁ‘:‘k = = g Pure Csl + waveform sarr
) PR - RN eI
TOF counter — _f.e?gé/"’é' S y
s =AM NPy J pagation counter (barrel)
8 GeV e- o .\_;g\: \ \ : . - - » 41 Drift Chamber electron (7GeV) ing Aerogel RICH (fwd)
N g IR S smiall cell +He/C,H, Beryllium beam pipe
‘ N - 2cm diameter
N
s - Vertex Detector
Si vtx. det. u /'K, detection 2 layers DEPFET + 4 4y
3/4 lyr. DSSD 14/15 lyr. RPC+Fe positron (4GeV)

Central Drift Chambe
He(50%):C2Hs(50%), Small ce
lever arm, fast electronics

— Belle and Belle Il:
* Asymmetric e*e collisions at max. 10.58 GeV to produce Y (4S) resonance
* KEKB (2009 —2010) : peak luminosity of 2 x 103 cm=s?, L, , =1 ab™
* SuperKEKB (2019 —): peak luminosity of 4.7 x 103* cm2s?, L, , = 0.42 ab™1 (* Run1 (2019 — 2022), Run2 (started 2024))
— Belle and Belle Il are synergic to each other:

* Belle data can be analyzed with the Belle Il software framework

* Common review procedures since 2023 summer
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Branching fraction

* Recent BF measurements

1. ALICE B(z>="e*v,)/B(="n*),inpp @ 13 TeV: PRL127, 272001 (2021)
2. Belle B (Ecoé = I*v),ine*e : PRL127, 121803 (2021)
3. Belle B(=->=%*]"),ine*e : PRD109, 052003 (2024) (* setting upper limits) ENEM

4. Belle + Bellell  B(Z.9-> z%0), in e*e : preliminary ENEM

5. ALICE B(QL-> Q- n), inpp @ 13 TeV : PLB846 (2023) 137625

6. Belle B(Q2->Q I*v,)/B(QL > Q n*), ine'e : PRD105, L091101 (2022)

7. ALICE B(Q°>Qe*v,)/B(Q°>Q n*), inpp @ 13 TeV : arXiv:2404.17272 (2024) HNEW
8. Belle B(Q°>=Zn*)/B(QL>Q n*), ine*e : JHEPO1(2023)055

9. LHCb B(Q°>Q K*,= n*)/B(Q°—>Q n*),inpp @ 13 TeV: PRL132, 081802 (2024) ENEM
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==ty inete

Branching fraction =

Z0>Z ety 2> uty,
= ol ~Doacy | 21500 Pieankg - = sideband — Statistics:
é) ..... Enst@? Ea:(f:}:l % : =;i( ;‘r:]r:g =, — Enuv ; ;
3 1500 Seisions = 1o00] : 89.5 fbl (10.52 GeV) and 711 fb! (10.58 GeV)
£ 1000 | P _ — Branching fractions via electronic and muonic decay
o [
D 500f g %
; o * B(Z2->="e*v,):(1.31 £ 0.04 (stat) £ 0.07 (syst) £ 0.38)%
¢ 15 2 25 3 045 2.5 B(=2->="u*v,):(1.27 £ 0.06 (stat) £ 0.10 (syst) = 0.37)%
M., (GeV/c? _ 2
e | ) Mz, (GeVicT) * B(Z.0-> = 1*): (1.80 + 0.52)% (PRL122, 082001 (2019))
=0>=n*
) ‘ « B(Z0>z-e*v)/B(Z2-> = m*):0.730  0.021 (stat)
) 000 ] —+ Data Pe— x/Pmax region:  (0.45, 0.55)
= : = * ARGUS: 0.96 + 0.43 + 0.18
% 1500 _ — Total Fit
s S Fitted Bkg PRL127, 121803 (2021) * CLEO: 3.1 + 1.0+ 0.3-0.5
é 1000 it % * ALICE (2021): 1.38 £ 0.14 + 0.22
2 so0f B(E°>Z p*v,)/B (30> n*):0.708 + 0.033 (stat)
0 [ " " " L 1 L L " L 1 L "
2.4 2.45 2.5

M.... (GeV/c?)

=y



Branching fraction
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=0 = =20+ ine*e

PRD109, 052003 (2024)

1)
o

=0 > An® candidates

o
o
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Events/2 MeV/c?

10

—— Data
— Total Fit
----- Background

il
1.3

1.32

M(AT°) (GeV/c?)

ME"ee) [GeV/c?]

4000
[ - MC Truth [ --MC Truth
60001 -
% L —Fit (a) "o 3000f—Fit (b)
3 [ Broken Signal > [ Broken Signal
= 40001 = r
© - © 2000F
2 i 2 -
% sl 5
$ 2000 & 1000F
0- £ 0k | 0 |
2.3 2.4 2.5 2.6 2.35 2.4 2.45 2.5 2.55 2.6
M(Z%*e) [GeV/c?] M(E°ut) [GeV/c?]
25 15
s —Data L — Data

&, 20F (a) — Total Fit o + (b) — Total Fit
= e Background = 10 e Background
2 45F - =° Sideband 2 =’ Sideband
N o |
2 10k 2 f
8 C 5 51
> > L
. ; o 0 Lty L)

T AR (AT | N et g ny R AT T

0
2.3 2.4 2.5 2.6 2.35 2.4 2.45 2.5 2.55 2.6

M=) [GeV/cd

— 1t search for rare semileptonic decay of charm baryon, with statistics of 980 fb!

B(z2-> =%u*pn-):6.4 x 10°

< By (50> =%"*e ) <235 x 10°
o By (50> 0u* ) < 2.25 x 10°

Few baryonic neutrino-less semileptonic decays measured, none for charm baryons

No significant signals observed: set experimental upper limits at 90% CL, compatible with SM (PRD103, 013007)
B(z2-> =e*e"):9.9 x 10°
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Branching fraction

Pull Events/(5 MeV/c?) Pull  Events/(5 MeV/c?)

Pull  Events/(5 MeV/c?)

g

8

B
o

n
o

- n n
o o
T

8

0 -
E F—.— NN | T T B -.~>A.—.L'11

3

+Data
New! ~Total Fit
—Signal shape
[ . PRELIMINARY

2.4 25 2.6
M(Z°n0) [GeV/c?

PRELIMINARY

...... +_

}

on O

o _l'_, _-L_r ..l_n.__-_“{

N
W

2.4 2. 26
M(Z%) [GeV/cg]

o
TTT

=4
TTTTT

o
TTT

PRELIMINARY

Pull  Events/(5 MeV/c?)

Pull  Events/(5 MeV/c?)

=)
T

&
T

S
T

8 &

8
R R

20
[ Bellell, 426 !

=0
C
--Broken signal
--Background
=’ sideband
T L PRELIMINARY
=~
> |-
[}
=
wn
5 5
Zz L
S L
>
w L
— 0 ! = .
E Eb L ‘

23 26

2.4 25
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0
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:E,,,.. - _ - .
2 - -

2.45 2.5 2.55
M(=%) [GeV/c?]

o
|

=%h%, where h® =%, n, and n’in e*e-

Providing a reference to clarify the theoretical picture

Several models have been proposed to deal with non-factorizable

amplitudes from W-exchange and internal W-emission diagrams,

yielding different predictions to these branching ratios

15t Belle + Belle Il combined charm measurement

1t measurements of the following BRs:

B (=2 =1% = (6.9 £ 0.3 (stat) £ 0.5 (syst) + 1.5 (norm) ) x 103
B(=%- =) =(1.6 £ 0.2 (stat) £ 0.2 (syst) + 0.4 (norm) ) x 103
B (== =) =(1.2 £ 0.3 (stat) £ 0.1 (syst) £ 0.3 (norm) ) x 103

* Reference mode: =°—> = n*
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Branching fraction QO-Q-m*inpp @ Vs =13 TeV ALTCE

(é —IIIII|IIII|IIII|1III|_ 6\ |||||||||||||||||||||||||||

% : ALICE : ‘._> 10 ALICE e Data

= 700F pp. Vs=13TeV || _ 2693 + 2 MeV/c? & Pt~ 19 TV <05 AL
v T foaw =7 MeV/c? 1 o 1 k2er M Monz
LI\D 8_ - and charge conj. S =265 + 45 ; = y + 1.6% lumi. unc. not shown CR-BLC
oM %) ) 12 GeV/ N = 10 —==— [ IMode 2
a2 600 [ €<P;< evic ] =
@™ 8 ot 1 51072
S © C ] =
] 500 4 107°
© I ] AL
: e TR
- - G A5
a- 400r + + i 1T 10 BR(Q - Q") = 0.51% 2 1%

- — OO}U 5 assumed for theoretical predictions
216I L L l2 I65I . L l2I7l L 4 I2I75] L L I2I8 E 10 1 11 I 1 11 I 11 '} I 11 1 I 1 11 I 11 1 I L
- ' ' el ; s 0 2 4 6 8 10 12 14
M(Q'n*) (GeV/c?) p. (GeVic)
Ratio ALICE (pp 13 TeV) Belle (eTe™ 10.52 GeV) [28] - Catania: PLB821, 136622 (2021)
2 < pr <12 GeV/c visible - PYTHIA8 Monash 2013: EPJC74 (2014) 3024
- PYTHIA8 CR Mode: JHEP 08 (2015) 003
BR(Q? — Q@ 7t x a(Q0)/a(A]) (1.96 £ 0.42+£0.13) x 103 (2.244+0.29+0.16) x 10~* _QCM: EPJC78 (2018) 344

BR(Q - Q@ 7t) x 0(29)/0(EY) (3.99 4+ 0.96 + 0.96) x 1073 (8.58+1.154+1.98) x 1074
C C C

— 15t measurement of inclusive Q.° - Q "m* in pp collisions at Vs = 13 TeV

p; integrated Q0 cross section x baryon-to-baryon ratio suggests more frequent charm hadronization in pp than e*e-
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Branching fraction Q02 - Q-(*v,ine*e

PRD105, L0O91101 (2022)

a ~Data b —— Data " (C —Data _
%, 200 (@) —Total Fit © _( ) 'l' — Total Fit © [ (©) — Total Fit
0 r S 100 0L All Fitted Bk S 100 pfld o All Fitted Bkg
% X - BKG ) + Bkg from B{;’,g ) - @y misiD
s 1501 { = Wrong Q s i ‘?vl:g ;;og Bl
SV [ 3 o I

- Lo
~ ~ - - L
2 ® 50F ® 50r Pl
) 5 I S !
> = - S
LIJ Lu | . Lu .....

2.6 2.65 2.7 2.75 2.8 2 2.5 3 2 2.5 ) 3
M, (GeV/c?) M, (GeV/c?) My, (GeV/c?)

— 1%t observationof Q%> Q- u*v,
Statistics: 89.5 fb! (10.52 GeV), 711 fb! (10.58 GeV), and 121.1 fb! (10.86 GeV)
— Consistent with previous measurement and theoretical expectation

* B(Q2>Qe*v,)/B(Q2>Q m*):1.98 £ 0.13 (stat) + 0.08 (syst) <+ 2.4 + 1.1 + 0.2 (CLEO Collaboration)

« B(QL>Q ptv)/B(QL>Q m*):1.94  0.18 (stat) £ 0.10 (syst)
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ALICE

Branching fraction Q- Q-e*v, inpp @ 13 TeV

arXiv:2404.17272 (2024)

g ||||||||||||\\‘\\|||||||\|||||||\\\\I_ g70:|||\\[ffll\f\[||I|III|IT\[TII|\\\ ll'\: lllll llllllll |||l|||l|||||ll|||l|l|l
g0 ALICE E £ 7F ALICE E
Yo pp, Vs =13 TeV E W o pp, Vs =13 TeV E
+ % 5 @ e* v, and charge conj. E 50i ol - Q e* v, and charge conj. ] CLEO ==}
100 + 2<pen<1zGeWc _E 405_ #_O_ 2<pTen<12GeWc _E
80 +— * SE opposite-sign pairs | E . ® Data (ME subtracted) 1 | ]
+ = SE same-sign pairs ] 30;* i? o PYTHIA 8 i ALlCE
60 :$:_+_4}:$:_D_ i o ME opposite-sign pairs _: ool + E pp E _ 13 TeV
i F ] ) -
“ f $ E g i + + E Belle +4
] E %ﬁ 3 — Light-front approach
20 #ﬁi—#;;_:;; ] o — j ﬁ-{gﬁ EPJC 80 (2020) 11, 1066
o L T 3 B Light-cone sum rules B
16 2 55 b4 p6 26 3 52 54 36 88 82 2o 24 96 26 3 52 34 56 58 gﬁo(%?seozz)zomozz
m(eQ) (GeV/c?) m(eQ) (GeV/c?) PRD 109 (2024) 3, 033004
— = CLEO
ALICE (=] PRL 89 (2020), 171803
-=- Belle
PRD 105 (2022) 9, L091101
— BR X cross section and BF ratio measurement SE ; 1'5 2o 2'5 ' é 3'5 : "'1' =

* Statistics: (32.08 £ 0.51) nb?

« B(QL>0Q-etv)/B(QL->Q m*): 1.12 + 0.22 (stat) + 0.27 (syst)

— Consistent with theory and in agreement with Belle within 2.3¢

BR(Q —» Qe

vo)/BR(QY — Q%)
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Branching fraction Q@f-z-n*ine*e

200

L
o i > JHEP01(2023)055
£ 300F = r
% - n 150F
- 200] g |
0 L - L
@ C § 100f
c r w .
L%’ 100} 50
j i Theoretical predictions
96 zes 27 2 275 28 8265 27 21 E.B * No prediction is available for Q.2 > Q- K*
My (GeV/c?) My (GeVIC)  * BF of reference mode (QL° > Q m*): 9%
. Decay modes LFQM [16] pole model and CA [17]
o L L —_ _ _
% % 100] Q) = E"a" 1.96 x 107° 1.04 x 107!
= = Q= Kt 174 x 107 1.06 x 102
L o[
£ 2 sof - LFQM: Chin. Phys. C 42 (2018) 093101
& 4 - Pole model and CA: Phys. Rev. D 101 (2020) 094033
L
96 265 27 275 28 86 265 27 275 28
M, (GeV/c?) M, (GeV/c?)

— Search for singly/doubly Cabibbo-suppressed decays with statistics of 980 fb!

e Istevi 0> =+ wi ignifi B —="7t)
1** evidence of Q.° - =" nt* with 4.50 significance o Q_;) _ (2534 5.2(stat.) + 3.0(syst.)] %.
—> 2.40 away from pole model and CA (current algebra) B — =-K+)
: < 0.070

B(Q) — Q-7t)

B(Q® — Q K*)
B(Q) = Q—7+)

* Nosignificant signals are found for Q° > =" K*andQ°-> Q n*
< 0.29.
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Branching fraction Q2 -Q-Kk*andQP—=Z-m*inpp @ Vs = 13 TeV

PRL132, 081802 (2024)

QOF - T ~ ~ T =~ T ™ 1T " ™ ™ AQOF T — 7~ T ~ 7~ T T ~ " 3 QOF~ T ~ ~ ~ T ~ T T T T T T ]
-+ Data] ] LHCb 1 [ LHCb ] - LHCb
< r — Total fit _1 7 < L i < -1
i ) 541fb i | 54 1b
¢ 60 |~ Signal J 12 a0 % 600 |- .
= L - Background = - > B
o— - — o—
A 7] b T H A
% 40_ % 200 B4 H % 400 N -
= = [ =
4 3 [ 1 © i
g 20 g 100fF 4 & 200} -
@) @) i 1 © -
- 0 By -1 [ - *a - LR F— b i
) P I I S S BRI 0 [ b L Ty o= P G ST T S s vkl
2660 2680 2700 2720 2740 2660 2680 2700 2720 2740 2660 2680 2700 2720 2740
MK +) [MeV] M(E ") [MeV] M(Q %) [MeV]

— 15t observation of singly Cabibbo-suppressed two-body hadronic decays of Q_°

* The BFs are larger than the algebra calculation or LFQM

— [6.08 + 0.51(stat) + 0.40(syst)] %,

= [15.81 + 0.87(stat) £ 0.44(syst) £ 0.16(ext)|%

)
* The non-factorizable contributions are necessary for accurate BF calculation  'B(Q0 - G-7+)
— Precise mass measurement of Q ° ))

* M(QPL)=2695.28 + 0.07 (stat) £ 0.27 (syst) = 0.30 (ext) MeV

* Most precise Q. mass to the date: improves previous world average by a factor of 4
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LFU and A,

. -> Lepton flavor universality (LFU) and CP asymmetry parameter (A.p)

2. Belle B(z2->="/*v),ine*e : PRL127, 121803 (2021)

6. Belle B(QL=>Q 1*v,)/B(QL > Q- 1n*),ine*e : PRD105, L091101 (2022)
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LFU and Acp

— PRL127, 121803 (2021) — PRD105, L091101 (2022)

e B(Z°->Z.-e*v,): (1.31 * 0.04 (stat) + 0.07 (syst) + 0.38)% « B(QL->0,e*v,)/B(QL->Q n*):1.98 + 0.13 (stat) + 0.08 (syst)
B(=°-> =, u*v,): (1.27 £ 0.06 (stat) £ 0.10 (syst) = 0.37)% B(QP> Q. u*v,)/B(Q°>Q n*):1.94 £ 0.18 (stat) + 0.10 (syst)
B(E2>=.7e"Vv)/B(E2>Z "urvy): B(QP>Q. e*v.)/B(Q° > Q. urv,):

1.03 *+ 0.05 (stat) £ 0.07 (syst) 1.02 + 0.10 (stat) £ 0.02 (syst) <+ 1.03 + 0.06 (LFU expectation)

* Ap= (aE_iﬁ + aE*;r‘)/(aE_rﬁ - aé+ﬂ_)

=0.024 + 0.052 (stat) + 0.014 (syst)

* dN _ cae-
o1+ ta e 08 Os- No surprises:
dcos 0=
* Both LFU and A, are consistent with expectation of SM

20000_ 20000_
< 15000/ < 15300/ ° LFU~1 ’ ACP 0
e . P [
2 r =2 o= @ [ = o =
g 10000_— E 10000_—
L F (@) x*/ndf = 0.3 o L (b) x*/ndf = 1.8

5000_— 5000_—

0—1 —0I.5 (IJ 0?5 1 D—1 —OI.S (I) O.IS 1

cosb_ cosb.
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Characterizing charm states  Lifetime measurement of QLland =%inpp @ Vs = 13 TeV

Sci. Bull. 67 (2022) 479
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— Most precise Q. lifetime measurement: factor 4 larger than previous world average

* Previous Q2 lifetime measurement via Q, - with LHCb (PLR121, 092003 (2018)): 268 + 24 + 10 = 2 (fs)

« 1(QY0) :276.5 £ 13.4 (stat) £ 4.4 (syst) £ 0.7 (D° control mode) (fs) - improved by factor 2
T(2L) :148.0 + 2.3 (stat) = 2.2 (syst) = 0.2 (D° control mode) (fs)

* Charmed hadrons lifetime hierarchy: t (=.*) >t (Q2°) > T (A/) > T (Z9)
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—C

Characterizing charm states QL - =.*K- decay states in pp @ Vs = 7, 8, and 13 TeV

x10°
| V% S B L B L B Q3065 — EH(EIyK™  mee-- 02,3000 — E'K-
- LHCb : B 2.3090)° - ZH(E YK mmee Q3050 — EK°
L 12 Q231190 = ZNSE YK mmenes 02,3065 — E'K-
g % I Bl 003185 —» =K eeeee- 02,3090 — E'K-
8 S 10 B 003327 - 5K~ eeeee- 203119° = =K
s < ¢l
= “; | Resonance m (MeV) I' (MeV)
on
< 2 6 Q,(3000)" 3000.44 £ 0.07 3.83 +0.23
o 2 i i Q. (3050)" 3050.18 + 0.04 0.67 +0.17
J g 4 i Q.(3065)" 3065.63 + 0.06 3.79 4 0.20
al S ) it Q.(3090)° 3090.16 + 0.11 8.48 +0.44
_ HESRE: _ Q,(3119)° 3118.98 +0.12 0.60 + 0.63
o Lt S5 4 b e Q. (3185)" 3185.1 + 1.7 5047
3000 3100 3200 3300 3400 3500 | Q.(3327)° 3327.1+1.2 20+5

m(Z:K”) [MeV]

— Confirmation of 2017 result (PRL118, 182001) with additional two new states

* Singly charmed baryon mass spectrum: can be systematically described by theory

* 5 previously observed states are confirmed: Q_(3000)°, Q(3050)°, Q (3065)°, .(3090)°, and Q (3119)°;
four of them confirmed by Belle (PRD 97 (2018) 5, 051102)

* See also: PRD104 (2021) 9, L091102
* Two newly observed states: Q(3185)° and Q(3327)° (excited QinQ,~ > ="K 1)
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Characterizing charm states A+ polarimetry
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— Polarization of the Cabibbo-favored A, * - pK - mt*

* BasedonA_* - pK™mt* transition amplitude analysis in LHCb (PRD108 (2023) 012023)

* A model-agnostic representation of the fermion decay rate, on the entire space of kinematic dimensions
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Summary

» A few selectively chosen topics for charm hadronic/semileptonic decays

— Branching fraction measurements

* 1* measurement of inclusive Q% - Q "n* in pp collisions at Vs = 13 TeV by ALICE —

more frequent hadronization in pp? Need precise BR measurements to conclude
o 1t B(Z.9 > =%h%) measurement by combined analysis of Belle + Belle Il

* Observation of Cabibbo-suppressed Q° > Q" K* and Q% > = n* by LHCb
— LFU and A, by Belle

* LFU~landA,"~0

* No surprises: consistent with the Standard Model

— Characterizing charm-baryon states by LHCb

+ Lifetime measurements: most precise T (Q.°) with charmed hadrons lifetime hierarchy
* Q0 ="K excited states: confirm 2017 result with two new states

* Polarimetry using A,* - pK ™1t *: mapping of kinematic-dependent polarimeter vector
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Backup
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Backup BFs of =% - =-[*v; and Asymmetry parameter of =% - = -1 *
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Backup

=0 - Z0p0

= . — 21" Theoretical Predictions s nuio-

Reference Model B(E2 - =7% BE2 -5=%) BE2-Z=%) aF - =%
Korner, Kramer [5] quark 0.5 3.2 11.6 0.92
Xu, Kamal [7] pole 7 | - - 0.92
Cheng, Tseng (8] pole 3.8 - - —0.78
Cheng, Tseng (8] CA 17.1 - - 0.54
Zenczykowski [9] pole 6.9 1.0 9.0 0.21
Ivanov et al. [6] quark 0.5 3.7 4.1 0.94
Sharma, Verma [11] CA - - - —-0.8
Geng et al. [12] SU(3)r 4.3+0.9 1.7 8:61 53 -
Geng et al. [13] SU(3)r 7.6+1.0 10.3+2.0 9.1+4.1 —-1.001+3-97
Zhao et al. [14] SU(3)r 4.740.9 8.3+2.3 7.241.9 .
Zou et al. [10] pole 18.2 26.7 B —0.77
Huang et al. [15] SU(3)r 2.560.93 . s —0.23 + 0.60
Hsiao et al. [16] SU(3)r 6.041.2 42433 - -
Hsiao et al. [16] SU(3)r-breaking 3.641.2 7.31+3.2 - -
Zhong et al. [17] SU(3)r Lagrese 1.56+1.92 0.6831 272 0.5013-21
best fit — Zhong et al. [17] SU(3)r-breaking (e 2.4313-79 1635208 -0.29+9-39
Xing et al. [18] SU(3)r 1.30+0.51 . . —0.28 +0.18
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