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The charmed baryon family

« Singly charmed baryons
v’ Established ground states:
A% 3, B,
v Excited states are being explored
* Observation of other doubly charmed
baryon E/f
* No observations of other doubly or

triply charmed baryons

» A¥: decay only weakly, many recent
experimental progress since 2014

> X. B, - Afm)~100%; B(Z, —» Afy)?

» E. . decay only weakly; absolute BF
measured with poor precision

» (. : decay only weakly; no absolute BF
measured
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A} : cornerstone of charmed baryon

spectroscopy
(a) Charmed baryons
The lightest charmed baryon . %@8 o3
Most of the charmed baryons will - A
¢ 2(298 B
eventually decay to Ac . ‘-’?';) 204 0)?
. . ) 20— Yoo N A Kn
The Ac is one of important tagging /—ATSSO’ 00
hadrons in c-quark counting inthe = |*” ? Slopy &9
. . . © A 7T ) 32+ Qy2g7 [~
productions at high energy energies . | 0)
and Bottom baryon decays s 277 l 2 ie |,
— . 3 3/2- i 3271 Y 54(264
B(AtY - pK~n%): dominanterror = | - A“‘&ﬁfff 2
. = 12y | =, -
for V,, via baryon decay S I ! iy
1/2+ l —0.2
v_od Spectroscopy is well
v described by the
2 quark-diquark model
VN Y A —00
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Quark model picture

a heavy quark (¢) with an unexcited spin-zero diquark (v-a)
=>» diquark correlation is enhanced by weak Color Magnetic Interaction with a

heavy quark.
e
u
&

d
& ¢
0
h s

- Charmed meson (D*[cd]) > Strange baryons (A[uds]) - Charmed baryon (A [udc])
my << m, = quark + heavy m,, my = m, = (qqq) uniform m,, my << m, = diquark + quark
quark (qq) Q)

(@) Q . . :
In some sense, more reliable prediction of heavy-light quark

transition without dealing with light degrees of freedom that
have net spin or isospin.
A may provide complementary powerful test on
internal dynamics to D/Ds does
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Experimental studies on A} until 2014

Before 2014, the c-ed baryons have been A data in PDG2015 _

produced and studied at many experiments, A? DECAY MODES Fraction (T/T)  Condenes o (NI
notably fixed-target experiments (such as o adrniemodesvitha p: £ =1 nal sttes
— . -t 684+ 032y T
FOCUS and SELEX) and ete™ B-factories "oy 4 Lo L ]
A(1232) T K~ (1.18% 027) % e —
(ARGUS, CLEO, BABAR, and BELLE). &y w (550
o
: : P oo 13
v' Total branching fraction ~60% oE st (18506 3%
P(K™ 7" )nonresonant ™ (50 +09)% 0%
v" Lots of unknown decay channels uzs2)K(esz) ey 6.5
. . . K—=t=0x0 (11 +05)% 45.4%
v Quite large uncertainties(>20%) ’ Hadroic modes with  pr S = 0 inal states »
. ata~ (47 + 25 )x1073 4%
v" Most BFs are measured relative "ol @ s 22500 s3.2%
_ i %ot 36.4%
tO A-g — pK T[+ p’imK )] :1:12: 2:23;“3—3
pKT K™ non-¢ (48 + 19 )x107%
Hadronic modes with a hyperon: S = =1 final states
Azt ( 146+ 0.13) % 8.9%
Axtz0 (50 +13)% 26.0%
/\xA"'p:*' T <( 2.59: 028]:: o 7.8%
L r‘[ . t- . . t 2(13851)+ rta=, It — (1.0 £ 05)% 20.0%
arge uncertainties 1n experimen S
An—

=>» slow development in theory
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sColll

Charmed baryon thresholds

a2

BESIII energy upgrades:
4.6 GeV (Phéase [32014)
-2 4.95 GeV(Phase 11, 2021)
-2 5.6 GeV (Phase lll, planned in 2024)
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Phase |

In spring of 2013, a proposal of At data taking
was discussed and later approved inside the
collaboration.
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BES]]INear threshold production at BESIII ¥ ~

In 2014, BESIII took (only!) 35 days to run at 4.6GeV

and collected ~500/pb data.

Energy(GeV) | lum.(1/pb)
4.575 47.67
4.580 8.54
4.590 8.16
4.600 566.93

Corresponds to 0.1M A, pairs

by Giuilo

L v v v iy |

_|:|||||||1| 1 1 v b by I
458 4.6 4.62 4.64 4.66 4.68 4.7 4.72 4.74 4.76)

Measurement using the threshold pair-productions via e*e” annihilations is unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!
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JESTT  Single Tag (ST) and Double Tag (DT)

method at Threshold

The absolute BF can be obtained by the ratio of DT yields to
ST yieldr

BESIT

High efficiency and clean background

» Absolute measurement with many systematics NDT £,
cancel out B; = ?g J
« Missing-mass technique: K, /neutron, neutrino, ... Nj 1 Eij

Good photon resolution: £, 2, ©?, ...

s ENBRERIESEFENFEIMTIS

10



BESII Physics publications on the A}

: Hadronic decay 2014 : 0.567 fb"! at 4.6 GeV
Published 17 papers At > pK-m* +11 CFmodes  PRL 116, 052001 (2016)
(7 PRLS) A —>pK'K, prtm PRL 117, 232002 (2016)

A —>nKsm* PRL 118, 12001 (2017)

* A series of precise absolute BF pa— PRD 95, 111102(R) (2017)
measurements: hadronic, semi- At B PLB 772, 388 (2017)
leptonic and inclusive decays AF o PO PLB 783, 200 (2018)

* gfsf‘;?lt(loélffzd_e?‘ﬁ}’; :?Ttg’ neutron AF - Agmt | PRD 99, 032010 (2019)

c sit A > Xty Ity CPC 43, 083002 (2019)

* Observation of Cabbibo-suppressed A? - BP decay asymmetries PRD 100, 072004 (2019)
decay A — pm'm” Af > pK, PLB 817, 136327 (2021)

* First evidence of Cabbibo- A} spin determination PRD 103, L091101(2021)

suppressed decay A — pn

* First measurements of many decay
asymmetries

 Determination of A spin

* Threshold cross section and form

Semi-leptonic decay
AF—Aety, PRL 115, 221805(2015)
Af Ay, PLB 767, 42 (2017)

Inclusive decay

fact £ A% oa A —AX PRL121, 062003 (2018)
actors of Zc palrs A —etX PRL 121 251801(2018)
. A —KOX EPJC 80, 935 (2020
Very productive for the ¢ » 935 (2020)
. Production
data set taken in 35 days!
A} A7 cross section PRL 120,132001(2018)

s EANBRERYIESEFEa) IFT = 11



BESIL Absolute BFs of At hadronic decays

« Absolute BF of Ac* decays are still not well determined since its discovery 30 years
ago. PDG2014: 6B/B~26%; BELLE2014: 6B/B~5.3%

Double tag technique is applied to control systematics

100f  PK] - pKw ,k

|

2)0‘ Art F AT D N 1 ¢4 hh
A

. i, L foaad iy !
20¢ p KOST':O AT ){ 3 Eorc*

: L L VR B * 1
15 :
1of PR !

10F
.....

pKmr®

50

Events/1.0 MeV/c?

%f%

3
E. . 4

.....

|
226 228 2.3 226 2. 28 2.3 226 228 2.3

M (GeVic)
a global least square fit to 12 hadronic
modes [Chin. Phys. C37(2013)106201]
v First direct measurement on Ac
BFs at threshold
v' B(pK~m*): BESIII precision
comparable with Belle’s

v' Improved precisions of the other
11 modes significantly

PRL 116, 052001 (2016)

Mode This work (%) PDG (%)  BELLEB
oKe — 15210084003 1154030 _ — — —
PPkt 58440274023 50413 684024775 |

pK2w° 18740134005 1.65+050

pK57r7r 15340114009 1304035

pK-rtn® 45340234030 34410

At 12440074003 1.07+0.28

A’ 70140374019 3.6+13

At 38140244018 26407

yort 12740084003 1.05+0.28

Y 1.184+0.1040.03 1.0040.34

Yir 425+0244+020 36410

Yw 15640204007 27410

So far, the mostly cited
BESIIl charm paper
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BESIT BF for A,f2>Ae™v,

@ Al — Netweis ac — sIty, dominated process.

‘p
@ Urgently needed for LQCD calculations. o V. T .
. X A

@ No direct absolute measurement for B(A} — Aetve) available. \ %)

\
Semi-L\hp%ic mode

B(AT — AeTv,) = (2.1 + 0.6)% PDG 2014 S
)( C ’/e) ( ) 0 ‘ A;I ‘e+‘

11 hadronic single tag modes are used

Swf PRL1IS, 221805 (2015) W

QO

= sl @.‘//6 ST mode

S o\

= ©

2 10 ©

S

I~

= e T L B(AT = Ae™v,) =(3.63£0.38+0.20)%

Umiss (GEV)

> First absolute measurement of the semi-leptonic decay
> Statistics limited
> Best precision to date: twofold improvement

s ENBRERIESEFENFEIMTIS 12



First Lattice calculation on charmed
baryon SL decays -

PRL 118, 082001 (2017) PHYSICAL REVIEW LETTERS 24 FEBRUARY 2017

A, — Al"v; Form Factors and Decay Rates from Lattice QCD with Physical Quark Masses

Stefan Meinel

Department of Physics, University of Arizona, Tucson, Arizona 85721, USA and RIKEN BNL Research Center,
Brookhaven National Laboratory, Upton, New York 11973, USA

(Received 1 December 2016; published 21 February 2017)

O Input the measured BFs from BESII| Triggeved by BESII

0.0363(38)(20), £ —e,
0.0349(46)(27), ¢ = p.

O The first LQCD calculations on BFs and form factors

0.0380(19), oep(11),. , £=e,

B(A. > ALty,) =
( ve) {0.0369( 19),0en(11)

f‘\l_ ’

0.20 r - T T T

Lacp | ¥ The first determination of |V | based on
1 BFs of A" Al vymeasured by BESIII

0.951(24) ocp(14),, (56)5. £ =e,

! —.’\,. - A l“+l/,
-=-Ae= Apty,

ol Vo = { 0947(24) ocp(14),. (12)5, €=,
= |7= 005 ¢
== | 0.949(24), ocp(14),, (49)5. ¢ =e.p.
< I Ac
0.00 L L l. Il 1 l') )
O 020406 08012 v More data on A will be collected at BESIII

q"’ ((i('\’z)
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PDG2015 PDG2020

Hadronic modes with a p or n: S = —1 final states

+
At DECAY MODES r pk? (159+ 0.08) % \,44% s=1.1
) S¢ r, pK-nt (6.28+ 0.32) % S=1.4
Mode Fraction (I';/T) Confi s p?*(892)0 [a] (1.96+ 0.27) %
++ k-
- Hadronic modes with a p: § = —1 final states Ms A(1232) " K (11.08 0.25) %
r, pK° (3214 0.30) % Fs A(};SZOF la] (22+05)%
. - t (35 +04)%
r K + 6.8+ 0.32 % 6 P 7" nonresonan
r2 G ?7;(892)0 (6842 g230) % rz  pKx® (1974 0.13)% ,50% s=1.1
3 p o] (213+ 030)% r KOt 1.82+ 0.25)% Fi
T4 A(1232)Tt K~ ( 118+ 0.27) % l'8 "7(?” (1 ’ )o; First
rs A(1520) 7+ o] (24 +06)% 9 P (16 £ 04 )o" .
e _pK~ m nonresonant (38 +04)% Mo pK§7T+7TO ( 160+ 0.12)% |, 28% s=1.1
r;  pKx® (45 + 06 )% M1 pK-7txw ( 446+ 030)% |,61% S=15
rg pK% (17 £ 04)% Mo pK*(893)‘w+ . la] (14 +05)%
s r K~ 46 + 0.8)9Y
fo  pROT*n— (35 04)% e ( HE
Mo pK atna® (4.6 + 08 )% 14 i seen 3
M1 pK*(892)~ nt ] (15 + 05)% ls pK 2ntm (14 £09)x10™
M2 P(K~ 7 )nonresonant ™0 (5.0 £ 0.9 )% e pK-mt2n0 (1.0 £ 05)%
M3 A(1232) K*(892) seen
Ma pK ntata— (1.5 + 1.0 ) x 10~3 Hadronic modes with a p: S = 0 final states
s PK:W:: 7r°8r° (114 05)% ry pn < 27 x1074  CL=00%
Me pK~mt3r Fs pn ( 124+ 0.30)x10-3  First
Hadronic modes with a p: S = 0 final states Mo puw(782)° (9 +4 )xw074
7 prta— (47 + 25)x103 Mg prta~ (a61+ 0.28)x10-3 First
Mg p(980) [3) (38 + 25)x1073 %Y pfo(980) [a] (35 +23)x103
19 p7r++7r+7r*7r* (25 + 1.6 )x1073 My p2nt2n™ (23 + 1.4)x10-3
?20 pK¢K‘ u E L1+ 04 ;X g2 Mz pKTK™ ( 1.06% 0.06) x 103 L36%
21 4 a 1.12+ 0.23) x 10~ r _3
T =z 24 po [a] ( 1.06+ 0.14) x 10 (]
P pK*T K™ non-¢ (48 &+ 19 )x10 ls  pKtK non-¢ (53 + 1.2 )x1074
Hadronic modes with a hyperon: §= —1 final states F26 por° (8 &k Jxdors
adronic modes a ron: S = —1 fina g0 _5 "y
Fps Ar* ik D% 7 pK™ K™ m"nonresonant < 6.3 x 10 CE=90%
Mg Anta® (50 +13)% . .
Fs  Ap* <6 % CL=95% Hadronic modes with a hyperon: S = —1 final states
M6 Afr*vr*fr*+ P (3.59+ 0.28) % Mg Ant ( 130+ 0.07) % S=1.1
M7 Z(ljii) AR AT (10 £05)% Mg Antr® (71 +04)% |, 78% S=1.1
Mg X(1385)~xtat, £* — (7.5 + 1.4 )x 103 3 Apt < 6 % CL=95%
An— e o, .
Fao  Artg0 C1s = 059 31 An™ 27 v _ ( 3.64+ 0.29) % S=1.4
M3  X(1385)*p0, =*+ — Ant (5 +4 )x10-3
3 Ant 7t 7~ nonresonant < 11 % CL=90%
e Artatr rOtotal (25 +09)% Fgg X070 ( 129+ 0.07) % L45% s=11
r  Arty ] (24 %05)% Mg5 Xta0 ( 1.25+ 0.10)% ,33%
34 X (1385)* g [a] ( 116+ 0.35)% Tae X+n (44 + 20)x10-3
I35 Artw [a] (1.6 +06)% r S 5
36 Artrtr=al nonorw <9 x1073  CL=90% 47 n (15 +06)% o
r37 AKTKO (64 +13)x10-3  s=16 Fgg Etata— ( 450+ 0.25)% L 46% s=1.3
Fg  =(1690)°K*, =0 — AK® (18 + 0.6 ) x 103 l49 st 0 < 17 % CL=95%
M3 07t ( 143+ 0.14) % r s—ont i
e Zta° (137+ 030) % 50 T (.87 0:18)7%
40 0,.+.0 o
g XItp (75 + 25)x1073 sy 207w (35 +04)%
T4 ).‘*n*g‘ (49 +05)% 5o Tt a070 ( 1.55+ 0.15) %
iz T*p < 18 % CL=95% Mgz Z0x2nt 111+ 0.30) %
Fgg X wtat (23 +04)% 53 = ( 4
M5 X07ta0 (25 +09)%
Semileptonic modes
lea ALT ve ] (28 £04)% Semileptonic modes
65 NeT v, (29 +05)% r Net o,
+ 72 et v, (36 +04)% &
feo  Auty, (27 +06)% M3 Autu, (35 + 05 )% 135%

%/T)Eﬁéuﬂitrﬁiil—i%%]_zuu/_)j—uu RIPAN 185
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Experimental precision reaches of the
charmed hadrons

Golden hadronic mode oB/B Golden SL mode
B(Km)=(3.88+0.05)% 1.3% B(Kev)=(3.55+0.05)%
B(Kmm)=(9.13+0.19)% 21% B(K%V)=(8.83+0.22)%
B(KKpi)=(5.39+0.21)% 3.9% B(dev)=(2.49+0.14)%

B(pKm)=(5.0+1.3)%(PDG2014)  26% | B(Aev)=(2.1+0.6)%(PDG2014)

~(6.8+0.36)% (BELLE)  5.3% ~(3.63+0.43)% (BESIII)

~(5.84+0.35)% (BESIII) | 6.0% ~(3.18+0.32)% (HFLAV)
~(6.46+0.24)% (HFLAV)  3.7%

oB/B
1.4%
2.5%
5.6%

29%
12%
10%

* The precisions of Ac decay rates reaches to the level

of charmed mesons!

* However, search for more unknown modes, especially

Cabbibo-suppressed mode, are important

ENRERIESEFEMNFMIS

1G



Phase I

After success of the first A7 data set, an energy
upgrade on the BEPCII, 4.6 GeV = 4.95 GeV, has
been implemented to study A7 with more statistics

s ENRERIESEFEMNFMIS 17



BESIII Physics Reports

Chinese Physics C

Int. J. Mod. Phys. A 24, S1-794 (2009) Chin. Phys. C 44, 040001 (2020)
[arXiv:0809.1869 [hep-ex]]. doi:10.1088/1674-1137/44/4/040001
[arXiv:1912.05983 [hep-ex]].

s ENBRERIESEFENFEIMTIS 1



Planned future data set

Table 7.1:  List of data samples collected by BESIII/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T¢) or upgraded (Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

Energy ‘ Physics motivations | Current data ’ Expected final data ’ Tc | Tu
1.8 -2.0 GeV R values N/A 0.1 fb~1 60/50 days
Nucleon cross-sections (fine scan)
2.0-3.1GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J J /1 peak Light hadron & Glueball 3.2 b1 3.2 th~! N/A
J/1 decays (10 billion) (10 billion) to be complete
1(3686) peak | Light hadron & Glueball 0.67 fh~! 4.5 fh~1 150/90 days | ; 2022-24
v Charmonium decay (0.45 billion) (3.0 billion) n
; WS .45 billion .0 billion
D(3770) peak D"/DT decays 2.9 fh T 20.0 h-T 4 610/360 days
3.8 -4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 b1 6 fb—1 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 b1 770/310 days
cross-sections at different . /< at different /<
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 15 b1 1490/600 days
cross-sections at 46 CoV at different "/E 18 fb_l
4.74 GeV YA cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y2, cross-section N/A 1.0 fb~! 120/50 days A-(I; data
4.95 GeV =. decays N/A 1.0 b~ 130/50 days

in 2020-2021, 5.8 fb! is taken
S 5 b P P 465113003 (2022) .



3 New A7 data in 2020-2021

3847/pb [2019.12-2020.06]

1800
1600
1400
1200

1000

1847/pb [2020.11-2021.02]
800 567/pb [2014]

“_anlncenn..

.
. .
.....
----
.,y .

4.6 4.612 4.626 4.64 4.66 4.68 4.7 4.74 4:75....4.78 4.84 _ 4.92-"°4.95

.
---------------------

in total, 6.4 fb"! data above A{ threshold (~8x times more A{ statistics)

* First measurement of absolute form factors of AL — Ae*v,

* Observation of second SL decay Af —» pK~e*v,

* Many observations and improved precisions of Cabbibo-Suppressed modes
* First partial wave analysis of AL decays

* More studies of neutron-involved decay modes

* Search for rare decay Af —» yX+

s ENBRERIESEFENFEIMTIS 20



Semi-leptonic decay

v Form factors of A} —Aetv,

v Af > pK~etv,

v' LFU test of AT —Al"v,,

v’ Search for A} - An*tn~e*v, and pK;m~etv,

Neutron-involved decay

At —nrt

AF s nntn’, notntnT, nK ntat
Af > nK,K*

At 5 S Ktrt

Af > nK.mtn®

AR NENEN

Hadronic CS decays

v Af - pr®, pn, pn’, pw
v Ar - AK*, AK* 0

v AF 53K, IOKt

v AT S IYKtmo ap
Hadronic CF decays 25 p

v PWA of A} - Anttn®

v’ W-exchange-only process Z°K™*

v At 5 EOK 0

ors ¢

Inclusive decay
v Improved BF of A7 —e*X
v' First BF of A, »nX

Rare decay

vV AT s yXt

Production and excited A/

v’ AYA; lineshape and form factor

v A, (2595)* and A, (2625)" production and decay

PRD106,

v

PRLI129, 231803 (2022)
PRDI106, 112010 (2022)
PRDI108, L031105 (2023)
PLB843, 137993 (2023)

PRL 128, 142001 (2022)

CPC 47, 023001 (2023) (Cover Story)
arXiv:2311.17131

arXiv:2309.05484

arXiv:2401.06813

ed

(2022); PRD109, 032003 (2024)
PRD106, 052003 (2022)
JHEP09, 125 (2023);

PRDI06, 072002 (201254}3)&‘7[5”, 137 (2023); arXiv:2311.06883

JHEP 12, 033(2022)
PRL132, 031801 (2024)
PRDI109, 052001 (2024)

PRDI107, 052005 (2023)
PRD108, L031101 (2023)

PRD107, 052002 (2023)

PRLI107, 052002 (2023)
arXiv:2312.08414; arXiv:2401.09225
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BESIL Recent results on Af leptonic decays

Determination of form factors of Observation of A7 -» pK~e*v
+ + PRD106, 112010 (2022
- ,
Ac — A€V,  pp 129 231803 (2022) (E022)
20 ¢ daa 0 N A: i(ﬁzg):: iam .
300+ —+data _“""’”"_’ 8.26 N 3.86 e :’:-I::(‘Nne*v,
114 > — total fit > sl lz;:";h > N PR
‘\s 6 ce Al A, g e :Ki - % - other bkgs
2 . kg = 200 B = An*n® Q |- ---other bkgs 2
@‘i L2 i, < -,....:a g ---:tcherll:kgs ::; ° .%
3 IR .- = ‘2 A §
= LT . S 100 S * * .
R | | L i ~
// i % | 02 01 00 0.1 02 e 15 18 LI 18
02 01 0 01 02 02 -01 0 01 02 U, (GeV) M- (GeVie?)

U,..(GeV) U,..(GeV)

B(AY —» pK~e*v)=(0.88 + 0.17 & 0.07) x 10~3
B(Af - Aetv,) = (3.56 + 0.11 + 0.07)%

B(A} - A(1405)etv)= (1.694+0.76 £0.16) x 103

i Mg B B(Af - A(1520)e*v)= (0.99 +0.51 £ 0.10) x 102
~ c e “.'4/ o ] N l ) .
& 2 gzl E - . )
S - o5  Second leptonic decay of A{ is observed!
10‘:1‘3'7 - i 04— , * Good channel to study A excited states, such as
¢ (GeV?/ct) ¢ (GeV?/ct) A(1405) and A(1520) PLB 843, 137993 (2023)
1 ’
1.5F yy
g7/ o mal P 1 4 i
sy e - i)
% """,,'T'/.':':'f-!i‘/u—"':'?’"t// o 06 —..-f"'u, .
0.5p= E o . 11 i :
0 o : 045 = : S 05 B<39x10* @90%C.L [\  B<33x10"@90%CL. -
q* (GeV?/c*) g2 (GeV?/c%) I
First direct comparisons on the differential decay i I .
. . oL— L ! I ) . I I
rates and form factors with LQCD calculations 0 0001 0002 0003 0 00005 0001 0.0015 0.002

B(A!—Ax*metv,) B(A{—pK g” etv,)
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PRD 108, L.031105 (2023)

—+ data
1 .14 — total fit
ey % 200F ==s Al— An*n®
% <3 == non-res bkgs
L31.12 | S
25 § 100
1.1 -
0. 0241 0 01 02
Umiss (GCV)
2 5F«=DATA
\LQCD
& 2— Q ;;‘«‘:"
3 _ ‘;-“"‘,"‘./ —_
“:'1.5‘ ----- "»,;,:ff“.».“o:/ %015
| A=
..... p 2 & O.l1f N
S 005} —¥
s L Adev, |
00204 06 08 1 12
q* (GeV?)
~ g R
& CRRE] P i
= 9 =
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BESIT SCS decays of A7 — pﬂo and pn

First evidence of A'C|,‘ — pno Most precise measurement of AY - pn
. ~~ _ )
arXiv:2311.06883 3 JHEPI1, 137 (2023)
. f 3B % —+ data
<210+ : — fit It
>t (a) oy Signal = 500 resu
o | Inclusive hadronic - signal
E background < ok d
o | - A¥A. background ) SR O
Bl &
~ 5 N
~ L =
g | ! 9
5 | % =
& RCTTIELND R T
2.2 2.25 2.3 2'337 2.4 ) MBC (GeV/cz)
P (GeV/e?)
B(AF — pn) B(Af — pw)
ST BESIII 1.24 4 0.28 £ 0.10 [22] —
i LHCb — 0.94 +0.32 £ 0.22 23]
: Belle 1.4240.05+0.11 [24] | 0.827 +0.075 =+ 0.075 [25]
"‘.’; | This paper 1.57 +£0.11 £ 0.04 1.11 +£0.20 £ 0.07
; 10| Current algebra Uppal [13] 03 o
; | A Cheng [26] 1.28 —
g »% T Sharma [14] 0.29(1.7%) —
+TQ F x o Geng [27] 1.2570:38 —
) i i 25531)111 . ‘3{}'};;;‘"‘“ SU(3) flavor symmetry Geng [28] 1.30 £ 0.10 —
_ S SU(3) I m SUG) O(15) Hsiao [29] 1.244+0.21 —
L + SU(3) broken () SU(3) respected
i 4+ CQM (A) CQM (B) Geng [30] — 0.63 +0.34
[ ¢ ¢ PMCA TDA Hsiao [31] — 1.14 +0.54
0 —_ é E— ‘:r —_ é — 3 Zhong [32] 1.36%(1.27%) —
B( A: - pTCO) (X10-4) Topological diagram method | Hsiao [33] | 1.42 4 0.23¢ (1.47 +0.289) —
Heavy quark effective theory | Singer [34] — 0.36 £+ 0.02
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BESII Recent results on A hadronic decays

PRL128, 142001 (2022)

.60 MeV/c?)

Events / (2

Many CS modes are explored.

Events / 10 MeV/c?

Observation of AL - nm™

(=3
(=]

o
S

LI L L L L L L L LB
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20

AF - AKT

160
140
120
1 00
80
60
40
20
0

Events / 10 MeV/c?

14

¢ data

e Alon T

e AlSA T

«xxs background

1.1
M, (GeV/c?)

1.2

PRD106, 111101 (2022)

RN LR L R RN LR R

]

+ Data

= Fit result

Signal

= « = Background

5

235
Mgc (GeV/c?)

N
[
a1

N\

Events / 10.0 MeV/c2

Events / (2 MeV/c?)

Determination of the BF for A} —

Events / 20 MeV/c?

»*tKs and 2K ¥
PRD106, 052003 (2022)

V_ = 4 600 4 \1// UL v —_ ﬁ = 4.600 ~ 4-699 GeV
NQ A+—>20K+
S 30f ¢
o
=
Q 20F
2 =~ .
3 topyl BIRS . B
pedogeee- |"5’1'1|1-L1|||||, L TR
2.26 2.28 23 2.32 2.34 2.26 2.28 2.3 2.32
sc (GeV/c?) sc (GeV/c?)
+ /
A7 - pn PRD106, 072002 (2022)
10f f;’iﬂg‘:ﬂ () . g f’s)i;‘:al (b)
gL ---Baciground R I --- Background
- A¢A, background :,>) L A!A, background
[ &3 qq background S 6= qq background —
6 e r
N o L g
af g 4r
. 2 I
2 B o2H \ "
0 =05 005 T 105 i L
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By, CPO4T, 020001 (2029
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BESII

Decay asymmetry in W-exchange-only
process Af » 29K

* Previous theoretical calculation on the BF lower

than exp. measurement, which all predicted zero ¢ g %WZ ? L
decay asymmetry A @ > > vl
* BESIII confirmed the exp. result of BF in 2018 R C:i} K+
[PLB 783, 200 (2018)] - i )
e In theory, BF is enhanced by enhancing the decay | |
asymmetry close to 1 1% SO § . o
sy = 2Re(s*p)/(Is1> + pl?) PR UGS 9

|A] (x102G GeV?) |B| (x102G GeV?) &, — b, (rad)

Theory or experiment B(Af - BOK*) (x1073) oo+

Kormer (1992), CCQM [7] 2.6 0 e =
Xu (1992), Pole [8] 1.0 0 0 7.94
Zencaykowski (1994), Pole [9] 3.6 0
Ivanov (1998), CCQM [10] 3.1 0

Sharma (1999), CA [11] 1.3 0
Geng (2019), SU3) [12] 57409 0.94201% 27406 16.1£2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
Zhong (2022), SU(3)“ [13] 3.810¢ 0.91759 32402 87108
Zhong (2022), SU(3)? [13] 5.010¢ 0.99 £ 0.01 3.3103 12.3%]¢
BESIII (2018) [14] 5.90 £ 0.86 +0.39 ax
PDG fit (2022) [2] 55+0.7
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BESIT Decay asymmetry in W-exchange-only

process Af » 29K
three-level cascade decay At —» Z°K*, 20 - A%, A - pr~ PRL132, 031801(2024)

cosf, —+ pata

~378 signals reconstructed

— Fit
40r o F }
P — Data@4.60GeV LT 7-dim. fit
Q B
; 30 - Fit e e v e s,
L [ N
= [ N\IBKG
c- 20 — .
o 201 7/ Misreconstructed 3
P N P
= i =
= B 5}
g 10— e
=T
0 ¢ AL SRR AR Ay awLANS ; =11 —¢- et B e o ;
2.26 2.28 23 3
My (GeV/ ) g

=0 rest frame A rest frame

1 :_ o PI“ “ul BO“"(I‘"\ S __.:,__—_—__-—é—-__'”—- 7777777777777 77777777 ) Polar angle AZimutgle
B 4‘ 0.0, -(BESIII) & BF(PDG)
[ e Korner(1992), CCQM
0.5 | = Xu(1992), Pole
- A Zencaykowski(1994), Pole . . .
L [ mameass.ccom * First determination of decay asymmetry azoy+
S o mo o via x ‘ = 0.01 + 0.16 + 0.03, consistent with zero
- Sharma 199, CA * No theoretical model explains the current results
Y eng(2019), SUQ3) . . . .
WFo  zmammer * First determination on phase difference &, — 4,
- Zhong(2022), SUG) . .
i ; D with two solutions of /2 and —m /2

Branching Fraction(x10™)
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A} decay asymmetries

. KV x+ 0+ +0 =0k+
Predictions and measurements ai Z-FS a//t - ai - ai - R Z!_K
CLEO(1990) [1] - -1.0707 . - -
ARGUS(1992) 2] - —0.96 £ 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 —0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] ~0.90 ~0.86 ~0.76 ~0.76 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 0
CLEO(1995) [9] - —0.947 0 56T 0 o6 - —0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] -0.91 -0.94 -0.47 -0.47 -
Tvanov(1998), CCQM [11] —0.97 —0.95 0.43 0.43 0
Sharma(1999), CA [12] —0.99 —0.99 —0.31 —0.31 0
FOCUS(2006) [13] - —0.78£0.16 £0.19 - - -
BESIII(2018) [14] 0.18£043£0.14 —0.80 £ 0.11 £ 0.02 —0.73£0.17 £ 0.07 —0.57 £ 0.10 £ 0.07 :
Geng(2019), SU(3) [15] ~0.89707% ~0.87£0.10 ~0.35 £ 0.27 ~0.35 4 0.27 0.94707
Zou(2020), CA [16] —0.75 —0.93 —0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £ 0.003  —0.463 £ 0.016 £ 0.008  —0.48 £ 0.02 £ 0.02 -
Zhong(2022), SU(3)* [19] ~0.5740.21 ~0.75 4 0.01 ~0.47 4 0.03 ~0.47 40.03 0.9170 03
Zhong(2022), SU(3)" [19] -0.29 +0.24 —0.75 4 0.01 ~0.47+0.03 —0.47+0.03 0.99 +0.01
Liu(2023), Pole [20] —0.81 £0.05 —0.75 £0.01 —0.47£0.01 —0.45 £0.04 0.95 £0.02
b 1 —0.68 £0.01 —0.75 £ 0.01 —0.47 £0.01 —0.45 £0.04 —
BESIII(2023) [21] - - - - 0.01 £0.16
Geng(2023), SU(3) [22 —0.40 £0.49 —0.75 £ 0.01 —0.47 £0.02 —0.47 £0.02 —0.15£0.14
Zhong(2024), TDA [23 0.01£0.24 —0.76 £ 0.01 —0.48 £0.02 —0.48 £0.02 —0.16 +0.13
Zhong(2024), TRA [23] 0.03£0.24 —0.76 £ 0.01 —0.48£0.02 —0.48£0.02 —0.19 £0.12
PDG(for now) [24] [70.20 £ 0.50 (only BESI) —0.84£0.09 —0.73 £ 0.18 (only BESIII) —0.55 £0.11 -
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BESIT Amplitude analysis of A} — An*7°

JHEP12, 033 (2022)

First Amplitude analysis of charmed baryon multi-hadronic decays

. Based on TF-PWA package: https:/gitlab.com/jiangyil 5/tf-pwa
£1000 E‘ E:S‘g‘f““d S N
> | T heanoy > 400 B 400
S [k & S
e g :
= 500j_§1§§}§§3§3 S 200} f % 2001
% F— w1750 % 8 i
0= 'Ty 9% 14 16 18 2 22
M, . (GeV/c?) M, . (GeVic?) M 0 (GeV/c?)
Theoretical calculation This work PDG
102 x B(A} — Ap(770)F) 4.81 +0.58 [13] 4.0 [14, 15] 4.06 £ 0.52 <6
10% x B(AS — (1385)"7Y%) 2.8 £0.4 [16] 2.2+04 [17] 5.86 +0.80 —
10% x B(Af — £(1385)%7%) |  2.84+0.4 [16] 2.2 4 0.4 [17] 6.47 £ 0.96 —
QA p(770)+ —0.27 £0.04 [13] —0.32 [14, 15] | —0.763 £ 0.066 | —
0t52(1385)+ 70 —0.9170:3> [17] —0.917+0.083 | —
Ots3(1385)0m+ —0.911915 [17] —0.794+0.11 | —

Many first measurements of intermediate states!

=
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https://gitlab.com/jiangyi15/tf-pwa

PRL131, 191901 (2023)

[ ete — A'A: 1.5 ete’ = AIA;
| + BESIII 2023 i +BESIN 2023 — Combined fit
400 < BESIII 2018 | <-BESIII 2018 ---Monopole decrease

---- Threshold  ---Damped oscillation

l

o (pb)

-yt Ty

Y Gev) 5 (GeV)

T T I T T T T

. Negate the Y (4630) in decaying into A¥ A7 reported by BELLE

. Energy-dependence of |G /Gy, | reveals an oscillation feature,
which may imply a non-trivial structure of the lightest charmed
baryon.
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BESIT Observation of ete~ — AtA, (2595)
and AfA, (2625)"

Datasets of 208/pb at 4.92 GeV and 159/pb at 4.95 GeV

arXiv:2312.08414

140 —~——————T————T————7—— N T
5o | /8=4918.0 MeV & {s=4950.9 MeV
[$) 19)
S [ +Data [iSideband S“F +Data [ Sideband
é‘ 100 = —Fit curve 120 |~ == Fit curve
= e .., [ALR(2595)] ( a <) 100 F = S AR.(25950)
o0 80 s [AR.(2595)] 2 S, [AK,(2595)]
S -, [AR,(2625)] S 80 =S, [\A.(2625))
3 60 — S, [ALX,(2625)) 3 - :S&L:;K,(zszs)]
2 40 2 Zads
: g ¥
= 20F = 20
2.56 258 260 2.62 955
M [GeV/ c?] MY [GeV/ c?
A U L A A B AL B AL B AL
L - — - i - r —
100 ;eD—) AdlAc(2595) +C.C. i 150 [ e*e” — AYA,(2625)+c.C. h
v F;‘zu e | DV o (5=4918.0 MeV ]
. , e I
“'Thl'QSHOld : @ i 4 \(s= 4950.9 MeV
i i i 100 ]
% I : | glOO i
5 S0fe‘e - AlR(2625)+c.c. | ﬁ [
| @ Data | ' % B
| — Fit curve i o 0 ]
-~ Threshold : 5
i ! ! o [
| 1 : ) 0 L —
0|...!|...|..'.|...1.. I T N S B
4860 4880 4900 4920 4940 -1.0 -0.5 0.0 0.5 1.0
s [MeV] cosf
9O (14c0s20) (|G 2+3|Gu )+ L |Go 2 sin26
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Phase Il

To better accomplish the physics potentials in the white
paper, an upgrade plan of BEPCII is being implemented

ENRERIESEFEMNFMIS
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BESII Proposal of the upgrade BEPCII

—

Peak luminosity (cm™%s™!

An upgrade of BEPCII (BEPCII-U) has been approved in July 2021

and planned to be completed by the end of 2024
v Improve luminosity by 3 times higher than current BEPCII at 4.7 GeV
v Extend the maximum energy to 5.6 GeV

Ix10%1 {perade BEPCII o
] BERCTY Capable of finishing the

BEPCII proposed luminosity of
6x 10% | + . .

A} data in shorter time
4% 10% |
1490 =» 600 days
2x10%} Z 1
‘s ©
o . ' . 4

2.0 3.0 4.0 5.0 5.6
Ecm (GeV) '

Energy [ Physics motivations | Current data I Expected final data ] Tc | Ty t

1.6 - 4.9 GeV | Charmed barvon/XY Z 0.56 b1 15 -1 1490/600 days
cross-sections at 4.6 GeV at different /s
1.74 GeV YA cross-section N/A 1.0 fb-T 100/40 days
1.91 GeV Y. .Y, cross-section N/A 1.0 fb~! 120/50 days
1.95 GeV i - (l..‘.;‘.\“‘ 7 N/A 1.0 T 130 .')Urilnv\'.\r
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(a)

* Energy thresholds » Cover all the ground-state charmed
voeTeT - ATX; 4.74 GeV baryons: studies on their production &
v oe :e 7 AeXom 4.88 GeV decays, CPV search, to help developing
\‘; e+e = 2 2 jgl gex more reliable QCD-derived models in
e"e” oK. &, : e
v ete” - 0200 5.40 GeV charm sector

* Studies on the production and decays of
excited charmed baryons

s ENRERIESEFEMNFMIS 24
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T,
I
Ty
Ty
T
7

Yet-to-be-Explored Z_

We (will) have precise A} data after BESIII efforts

 However, £ 0700 has insufficient data
A new territory for BESIII!

Mode
v Cabibbo-favored (S = —2) decays

p2 K
AR x

$(1385)" K
AK-2 7+

AK (892)°n+

2(1385) K- m*

YrYK-nt
THK (892)°
SOK-2 7t

2 Ktnt

" PDG2023

0

n

0l

0l

U]

Fraction (T; /T)

(25+1.3) x 1073

T
(2.9 £2.0)% T,
(9+£4) x 1073
<5x 1073 Is
<6x1073 Ty
(2.7 £1.2)% ry
(2.3 +£1.1)%
(845) x 1073 '
(1.6 £0.8)% Iy
(2.9 +£1.3)%
<29x107° IBE
seen F14
seen
(6.7+3.5)% I'is
(5.0 £ 2.6)% Ty
(7T+£4)%
(2.0+1.5) x 1072 Ly

Mode

» Cabibbo-favored (S = —3) decays — relative to 27"

2K
EVK-—nt
”OK*O , ?* — K 7"
2(2012) 7+, 2(2012)" — Z°K

—0
E-Knt

0(2012) 7+ , 2(2012)" — £ K

E"K2nt
2(1530)°K xt , 5 - 5 qt

—x0

E-K wt
pK K wt
YTK K 7"

AR

Q0 PDG2023

ENRERIESEFEMNFMIS

0/ Q0 Decays

Fraction (T'; /T)

1.64+0.29

1.20 £0.18

0.68 £0.16

0.12 £ 0.05

2.12+£0.28

0.12 £ 0.06

0.63 £ 0.09

0.21 £ 0.06

0.34 £0.11

seen

< 0.32

1.72£0.35




LHCDb

: Muon ID
y _ Calorimeters
/ /- Tracking SPD/PS M5
rtEXII’Ig Magnet M ECA

'

A
1

—SmiEk

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. _ [ e 2018(65Tev):219/b
Q 9 E| e 2017(65:251 TeVy: 1.71 /b + 0.10/fb : 2
- - . 2016 (6.5 TeV): 1.67 ifb Total 9tb- I
> 8 E | 2015 (6.5 TeV): 0.33 /fb
B - @ 2012 (4.0 TeV): 2.08 /fb I
o = e 2011 (35TeV): 1.1 /b P
= - 2010 (3.5 TeV): 0.04 itb I
= 6E
4 2l | l
8 sd
g H
45
3 E'_ QQ 6\
o 3 \a .-»Q‘ ,\\ﬂ’
S | W </$° %
® A S
b e H
= H Vi
05— |

2010 2011 2012 2013 2014 2015 2016 2017 2018
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my talk in the Charm2016 workshop

BESII Potentials @LHCb

« Huge Acproduction at LHCb: ~100ub

« Prompt charm: using exclusive reconstruction ém— i -
« Secondary charm from b-hadron decays with 2 2000
inclusive b triggers L 3 :
« AY - pK Tt CFyields: 0.8M in 0.65/fb (V20% 2 .. huenes -
of Run | data) 0 ke e = o :
« CSsamples O(105) in Run I: S
BF measurement and CPV ~5% of the 2011 data sample
« DCS AZL — pK ¥~ can be measured with best —
precision
« Potential to set up the SL modes pK—u*v and
) 23

=» size of this BF is critical to understand the interna)
dynamics of Ac

« Search for CS SL mode: pr-u*v s A0

- amplitude analysis of Ac>Au™v, to extract
form factors
=» input to theoretical calculation

« Raredecays: pu*u, 3u, putu®, ...

pp

tag in secondary A,/Z_ decays

Charm 2016, Bologna
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LILC [3 Charmed baryon results at LHCb
* singly charmed baryon

Zd mass [Phys. Rev. Lett. 113, 032001 (2014)]

BF for Af -» pK*nt™, pK*K~, p™nt™ [JHEP 03, 043 (2018)]

CPV search in A —» pK*K~, pn™n~[JHEP 03, 182 (2018)]

Rare decay of A - putu~ [Phys. Rev. D 97, 091101 (2018)]
Lifetime of Q2 [Phys. Rev. Lett. 121, 092003 (2018)]

Lifetimes of A}, £} and E2 [Phys. Rev. D 100, 032001 (2019)]
CPV search in Ef —» pK™ntt [Eur. Phys. J. C 80, 986 (2020)]
Suppressed decay £2 — Afn~ [Phys. Rev. D 102, 071101 (2020)]
Lifetime of Q2 and £0 [Sci. Bull. 67, 479 (2022)]

At - pK~mt amplitude analysis [Phys. Rev. D 108, 012023 (2023)]
A? polarimetry [JHEP 07, 228 (2023)]

Qf - O7K*, E=nt and Q2 mass [Phys. Rev. Lett.132.081802 (2024)]

* doubly charmed baryon: £} discovery and other researches since 2017

* charmed baryon spectroscopy
v A3t in EXK via AY — D%~ [JHEP 05, 030 (2017)]
v Q30 in EFK~ via prompt production [Phys. Rev. Lett. 118,182001 (2017)]
v E30in AT K™ final states [Phys. Rev. Lett. 124, 222001 (2020)]
v Q0 inEFK™ from Q5 —» EFK~m~ [Phys. Rev. D 104, L091102 (2021)]
v Q30 in EFK~ via prompt production [Phys. Rev. Lett. 131, 131902 (2023)]

* charmed baryon production in pp and pPb collisions
A} inpp [NPB 871 (2013), JHEPO6, 147 (2017)]
« A} inpPb [JHEP 02, 102 (2019), JHEP06(2023)132]

» E7 in pPb [Phys. Rev. C 109, 044901 (2024)]
2hEE ENEEWESEFENHETS 20
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Lifetimes of charmed baryons

arXiv:2111.09566 unit: fs 7(Z7) (A7) (20 7(Q0)
PDG (2004-2018) [10]  442+26  200+6 112755 69 + 12
LHCb (2018) [12] 268 + 26
LHCb (2019) [14] 457+6  203.5+22  154.5+2.6
PDG (2020) [11] 456 +5  202.4+3.1 153 £ 6 268 + 26

Lifetime of Q2 [Phys. Rev. Lett. 121, 092003 (2018)]

S a‘? * Lifetimes of A¥, 2F and 22 [Phys. Rev. D 100, 032001
0  W~_ (2019)]
000~ <3 =+ + —0 0
= T(ED) > 1(AJ) > 7(E;) > 7(2)
@ . ¥
=l 0 R —=0
¥ LHCb + Data T(‘—‘c ) £ T(Qc) > T(Ac ) > 7-(‘—‘c)'
& 300 i — Full fit
S : — P K 7 B-D' 17X LHCb Q, Q% vX
g ! a 10¢ +Data a 10°F +Data
o 200_- 8 = Fit g . EFit
$ Huhd 2 <
Q AL J.l'"
s YT £ 2
2 100 _-F T % 10° %
g | : g
P - PR - Y - PR BRI R T S R [ PR .
2660 2680 2700 2720 0 1 2 3 4 0 0.2 0.4 0.6

PK K n* mass [MeV/c’] D decay time [ps] ¢ decay time [ps]
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LHCD
] L)

Lifetimes of charmed baryons

Lifetime of Q2 and Z2 [Sci. Bull. 67, 479 (2022)]

?<10'3 T T T T T B X103 N I N N I N ! ! I
25k ticp 4 100F LHCb
C 54" 1 E 5.4 fb!
— +Data J—~ L 4 Data
’--—- - 3 15F —Fit 15 60 - .
0O > K - ' 15 ~Fit
+ S5 ] 20
(b) s = (a) . - (b)
0— . - — L. . L 1
5x107! 1 2 0 0.6 0.8 1
t (ps) t (ps)
arXiv:2305.00665
unit: fS T(Ej—) T(Aj) T(Eg) T(Qg) L e e e e e L B B e e e e e e e A
PDG (2004-2018) [3] 442 +26 200 + 6 112+13 69 + 12 Q" 5 Al s
PG | &5 o o —
2018
LHCbD (2018) [4] 268 =+ 26
=0 At Q 0 -+
LHCb (2019) [6] 45746  203.5+22  154.5+2.6 LHCb Se c c Sc
Semileptonic | e . = -
PDG (2020) [8] 456 +5  202.44+3.1 153+ 6 268 =+ 26
-0 0
= Q.
LHCb (2021) [7] 148.0+£3.2 276.5 +14.1 PLHCl: i ‘s B
romp
PDG (2022) [1] 453+£5  2015+27  151.9+24  268+26 G
PR S S U R S S S S N S S S S S T S S S R S ST
Belle II (2022) [9, 10] 203.20 + 1.18 243 + 49 o e e o — =0
WA values (2023) 453 +5 202.9+ 1.1 150.5+1.9 273+12 Lifetime [fs]
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LI!CI\? Observation of Q) —» Q~K*, E~n* and Q2 mass

Phys. Rev. Lett.132.081802 (2024)

QOF 1T~ - 1~ 1 1
-+ Data LHCb .
S\ i —T_otal fit 54 b 1
= oof glgnka : d ] Naive
- acKgroun g o .
- £ BF ratios This work CA model | LFQM o
= estimation
[}
= 0 —
i B2, - Q°K™)
= 0.0608 + 0.0064 - - 0.0467
5 B2 - Nt -
[ , ] B2 - E~rt)
P TSRO R ST RSy TN M SRR _
05660 2680 2700 2720 2740 B(Qg > 0~ 0.1581 + 0.0099 0.1038 0.0345
M(Q°K*) [MeV]
400 T 7
25 LHCb_l S 800F ' ' LHICb ] "Samuel | 2717:25 | L
% 300 2uih é) i 5.4 fb! Briceno 2681+31=12+5 —_—
2 =600 — Brown 2679+37+20
= E L Durr 2685215 —_—
9_‘:.; 200 §400_— N Liu 26494217412 =———em—
-'_-;-’ g [ Namekawa  2673:13 —_
g 100 o o ETMC 267532 _
o ¥ (a) Rubio 2642:7+18  ——— (b)
oot o 0 3 e ] B I vy T T S derdaread LHCb 2695.28:0.070.27:030 ¢
2660 2680‘__ 2700 2720 2740 2660 2680 2700 72720 2740 2500 2600 5700
M(E ) [MeV] M2 7*) [MeV] Q% mass (MeV/c?)
unit: MeV m,. m_, m_, m,
2 i E bR 3 4E 2286.46+0.14 2467.93"0%% 2470.44 +0.28 2695.2+1.7
LHCDb 2014 2467.97+0.14+0.17
LHCDb 2023 2695.28 +0.07 +£0.40
YEiEFRFEYE 2286.46+0.14 2467.95+0.19 2470.44+0.28 2695.28+0.40
4 r/—l_;\ N\ = — e N A
s FENEERYIESEFEMNFIITS a1



Candidates/ (0.03 GeV?)

Candidates/ 0.02

Al signals are selected via Ag
— A pu~v from dataset taken in 201
where only a subset of 0.4 M signals

are employed

x10]

Candidates [‘%'ICV)
— — —
o O N B
S & & oS
I ) i I TTrT

—
Data

© — Full fit

Signal
Background

3
lllzllll
[En—N
2
w2
[l
ae
oo

40
20F
5-dim fit o
x10°
T T T T T T o &
10 B Eu E E j
8 4 Z10 1 &
= S 6
6 2 8 1 35
= 6 1 5§ 4
4 7] 3 =] 3
2 - E
PN\ * !
e 0 ok

2 25 3 35 45

m2(pK)[GeV?]

040608 1 12141618 2
m2(K 7*)[GeV?]
s

L 15 2 25 3
m2(p n*)[GeV?]

Candidates/ 0.063

=

Candidates/ 0.063

NEEWRYIBESSEF en o=

225

Resonance Fit fraction (%)
A(1405) 7.7
A(1520) 1.86
A(1600) 5.2
A(1670) 1.18
A(1690) 1.19
A(2000) 9.58
A(1232)*F 28.60
A(1600)*+ 4.5
A(1700)** 3.90
K§(700) 3.02
K*(892) 22.14
K(1430) 14.7

~ m¥pK") [GeV?]

—_
(=}

Arbitrary Units

S = N W A 1NN 00 O

Resonance a
Model /38 0.662
K*(892) /38 0.873
A(1405) —-0.58
A(1520) -0.925
A(1600) -0.20
A(1670) -0.817
A(1690) —0.958
A(2000) -0.57
A(1232)*+ —0.548
A(1600)* -0.50
A(1700)* -0.216
K3(700) -0.06
K§(1430) -0.34

af



% A{ polarization and A - pK ™

[ ]

polarimetry
Phys. Rev. D 108, 012023 (2023) JHEP 07, 228 (2023)
Component Value (%) The amplitude model 1s used to
P, (lab) 60.32 £ 0.68 £ 0.98 £ 0.21 produce the distribution of the
P, (lab) ~0.41 £ 0.61 +0.16 = 0.07 : : :
P. (lab) 247406403 +1.1 kinematic-dependent polarimeter vector
P, (B) 21.65 £+ 0.68 +0.36 + 0.15 . :
g 108 L 061 £ 0,00 008 in the space of Mandelstam Varlgbles to
P, (B) —66.5+0.6+1.1+0.1 express the polarized decay rate in a

model-independent way.
A large AY polarization is found in b

semi-leptonic decays A) = AFu~v = "
e |
» The obtained representation can facilitate B A A \’r
polarization measurements of the A baryon S| = N 09
and eases inclusion of the A7 - pK~m* ¢ | EegEtnes =
decay mode in hadronic amplitude analyses. £ /; ,,,,, -
« At BESIII, the transverse polarization of A/ 251 At 1T
can be obtained via AL - pK™nr* IaGy, iR
polarimetry T m w a

m?(K~7%) [GeV?], a,

s ENRERIESEFEMNFMIS A



Future opportunity at LHCDb

? = Run5 Run 6 3%0
NE hd 3 300
-1 g
 RUNI1&2:9 1b = ,E 5 & 250
= = -1 -
° RUN3&4: 50 fb 1 é 10 [ 200
e E [
=» x10 more statistics - 150
S gl
ol : 100
ar
2 FRun1 Run 2 50
0 (e o o n = . . NN 1 N,
2010 2015 2020 2025 2030 2035

YV VWV VYV

Year

Further improvement on mass and lifetime measurement
SCS and DCS hadronic decays

o eg El->pK~. E} 5> pKs. Q% > AKg. pK~
Semi-leptonic decays via b-baryon four-body decays

o eg Af »>pK utv,pnutv;EQ - Eutv; B - Autv; Q2 - Q utv
Decay asymmetries and CPV search via prompt production or b-baryon
decays

o eg Af > pKs, Art, AK*;E0 5> AKs, 2 nt, E°KT; Q0> O nt,Q°K*, E
Amplitude analysis of multi-body hadronic decays

ENRERIESEFEMNFMIS

Integrated Luminosity [fb™

]
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Summary

In recent years, experimental activities on charmed baryons are

reviving, esp. at BESIII, LHCb and Belle (II)
Threshold data at BESIII opens a new door to direct
measurements of the decays =»comprehensive and systematic

studies of charmed baryon decays

« BESIII has published several world-leading results based on ~80 M Ac samples
* More efforts on hadronic decays w/ n/X/E particles & semi-leptonic decays

* Plan to take data up to 5.6 GeV to cover all the ground-state charmed baryons

LLHCDb has largest charmed baryon yields =» large potential of

best precisions
» Search for more semi-leptonic decays
Precise determination of decay rate and amplitude analysis

* Decay asymmetry and CPV test
* Rare decays: LFV, FCNC, ...

BESIII and LHCb will be complementary in charmed baryon
decays

EANEEWRYIESEFOINETE AR
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Discovery of the charmed heavy baryon

Not exclusively clear about the first observation
A number of experiments which published evidence for the

charmed baryons beginning in 1975
v" First hint of charmed baryon X}*— Atrm* in BNL R34, 1125 (1975)
v First evidence of Af at Fermi Lab pri37, 882 (1976)

The first well established state is the AL at Markll pri44, 10 (1980)
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BESIIl makes first direct measurement of the A_

at threshold

The charmed baryon, A.,

| AL K
was first observed at T

Fermilab in 1976. Now, «_5_3 Lo

40 years later, the Beijing § soo-

Spectrometer (BESIII)
experiment at the Beijing
Electron-Positron Collider II
(BEPCII) has measured the

absolute branching fraction of A -— pK'm™ at threshold for the

o Y T T Y
225 225 221 228 229 20
My (Cav/e)

Beam-constrained mass distribution

first time.

Because the decays of the A™. to hadrons proceed only through

the weak interaction, their branching fractions are key probes
for understanding weak interactions inside of a baryon. In
particular, precise measurements of the decays of the A7 will
provide important information on the final-state strong
interaction in the charm sector, thereby improving the
understanding of quantum chromodynamics in the non-
perturbative energy region. In addition, because most of the
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HFLAV Fit to world BF data

« A fitter to constrain the 12 hadronic BFs and 1 SL BF,
based on all the existing experimental data
« Correlated systematics are fully taken into account

Mode HFAG 2016 (%)| BESII (%) |[PDG 2014 (%)| BELLE (%)

pKg 1.59+0.07 |[1.52+0.08 £0.03| 1.15+0.30

pK mt 6.46 +0.24 [5.844+0.27+0.23] 50+13 [6.84+0.247032

pK2m® 2.03+0.12 |1.87+0.13+0.05| 1.65+0.50

pK¢ntm™| 1694011 [1.534+0.11+0.09| 1.30+0.35 HFAG Summer 2016

pK ntr®| 5.054+029 [453+0.23+0.30| 3.4+1.0 Ry, 4
Ant 1.284+0.06 [1.24+0.07+0.03| 1.07+£0.28 o

Antn® 7.09+0.36 |7.01+0.37+0.19| 3.6+1.3 & 007

Artr—w™| 3.73+0.21 [3.81+£0.24+0.18) 2.6+0.7 )

20t 1.314+0.07 |1.2740.08+£0.03| 1.05+0.28 e 77

taf 1.25+0.09 [1.18£0.10+0.03| 1.00+0.34 2 oos} 44

Stata~ 464+0.24 |4.254+0.244+0.20/ 3.6+1.0 NG sl

Stw 1.774+0.21 |1.56 £0.20£0.07| 2.7+1.0 0-04) i ot 5%, 9555 s 75 . |

Ae*l/e 3.18+0.32 3.631+0.38+0.20 2.1+0.6 0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

B(A — pKg)

The least overall ¥?/ndf=30.0/23=1.3

Precise B(pK~n™) is useful for constrain V,, determined via baryonic mode

ENBRERIESEFENFEIMTIS



A theoretical Framework for Charmed Hadrons

« Topological diagrams + Symmetries + Experimental
Inputs = to understand the decaying dynamics,
predicting double-charm baryon decays, CPV, etc.
(predictive power)

— A branching fractions used for global analysis
= Eft > AYK ntmt and Efnt are large enough for observation.

Ar B4 p > =R

++
2C

Br(Af - p$)/IVusl? =2% =» Br(gf} - I K) = O(%)
[PRL 117, 232002 (2016)] \ /

Ett s> AlntK nt
Large enough for observation
Important inputs to the £/ observation at LHCb

A} data from BESIII > Stronger predictive power
S A EERIESE TEHNETS &)



Contribution to PDG

PDG2014

l'(p7°1r°)/r(pK- 1r+) M7/T2
VALUE EVTS DOCUMENT _ID TECN  COMMENT
0.66+0.05+0.07 774 ALAM 98 CLE2 |ete™ ~ T(45)
r(pK%y)/r(pK~nt) Mg/T2
Unseen decay modes of the » are included.
VALUE EVTS DOCUMENT ID TECN_| COMMENT
0.25+0.040.04 57 AMMAR 95 CLE2 |ete™ ~ T(45)
M(pKPrt =) /T(pK~7t) lo/l2
VALUE EVTS DOCUMENT ID TECN_ JCOMMENT
0.51+0.06 OUR AVERAGE
0.52+0.04+0.05 985 ALAM 98 CLE2 [ete™ ~ T(45)
0.43+0.12+0.04 83 AVERY 91 CLEO Jete™ 10.5 Gev
0.9840.36+0.08 12 BARLAG 900 NA32 |r~ 230 GeV
M(pK-nta0) /M (pK~7t) Mo/l2
VALUE EVTS DOCUMENT _ID TECN_| COMMENT
0.67+0.04+0.11 2606 ALAM 98 CLE2 |ete™ ~ T(45)
M(pK*(892)~ =) /T(pKOn* n™) M1/o
Unseen decay modes of the K*(892) are ingluded.
VALUE EVTS DOCUMENT ID TECN_| COMMENT
0.44:+0.14 17 ALEEV 94 BIS2 | nN 20-70 GeV
M'(p(K~7*)nonresonant 7"0)/ MpK=at) M2/T2
VALUE EVTS DOCUMENT _ID TECN_| COMMENT
0.73+0.12:+0.05 67 BOZEK 93 NA32 | =~ Cu 230 GeV

PDG2019

r(pK%7°)/Tiotal rz/T

VALUE (%) EVTS DOCUMENT ID TECN_ _ COMMENT

1.96+0.13 OUR FIT Error includes scale factor of Zgk

1.87+0.13+0.05 558 ABLIKIM 16 §BES3 ete™ — AL A, 4.599 GeV

0

r(pK%n®)/r(pK— =) F7/T2
Measurements given as a KO ratio have been divided by 2 to convert to a KS ratio.

VALUE EVTS DOCUMENT ID TECN _ COMMENT

0.314+0.018 OUR FIT

0.33 +0.03 +0.04 774 ALAM 98 CLE2 ete™ =~ T(4S)

I'(an';r"')/l'm, l'g/l'

VALUE (%) EVTS DOCUMENT ID

1.82+0.2310.11 83 ABLIKIM 17H IBES3 et e at 4.6 Gev I I

r(pK°n)/r(pK—=t) Fo/2
Unseen decay modes of the » are included.

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.25+0.04+0.04 57 AMMAR 95 CLE2 ete— =~ T(4S)

r(pKYntx~)/Total F10/T

VALUE (%) _EVTS DOCUMENT ID TECN _ COMMENT

1.59+0.12 OUR FIT Error includes scale factor of gy

1.53+0.11+0.09 485 ABLIKIM 16 BES3 ete~ — A A., 4599 GeV

FpKgrt==)/T(pK—nt) Mo/l

Measurements given as a KO ratio have been divided by 2 to convert to a Kg ratio.

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.255+0.015 OUR FIT Error includes scale factor of 1.1.

0.257+0.031 OUR AVERAGE

0.26 +0.02 +0.03 985 ALAM 98 CLE2 ete = T(4S)

0.22 4+0.06 +0.02 83 AVERY 91 CLEO ete— 10.5 GeV

0.49 +0.18 +0.04 12 BARLAG 90D NA32 7~ 230 GeV
r(pK—n+7°) /Total M/l
VALUE (%) EVTS DOCUMENT ID TECN _ COMMENT

4.42140.31 OUR FIT Error includes scale factor of,
4.5310.23+0.30 1849 ABLIKIM 16 §BES3 ete~ — AL A, 4.599 GeV

rpK—n*+x%)/F(pK— =) M1/r2

VALUE EVTS

DOCUMENT ID TECN COMMENT

4+ BESHI# R #4143 % Ko b2 R i a S & 4330 &,
4+ BESII % 2 AL >pKatgm & = “BERARB TEA BN L L,

* .—‘&
BESIIT & AR T £ 5 AHZAT,

BiRE

&Iﬂéﬁ

RE@G (o aF FRENED). o



* Energy thresholds
v eteT - A¥X]
v eteT s AlX.
v ete" 53X,
v etem - E, &,
v ete” - 0200

4.74 GeV
4.88 GeV
4.91 GeV
4.94 GeV
5.40 GeV

T BES o Markl

5 _._ ....................................................................
H x pluto
© = KEDR

4 e

s EBENRERYIESEFENFIMIS B9



Charmed Baryons

Structure  J* Mass, M&V  Width MeV  Decay

A} ude  (1/2)t 2286464014 (200+6)fs weak
=t use  (1/2)f 467.8'0¢  (442426) s weak
= dsc (12t u708870% 12T fs  weak
UH wue  (1/2)Y 2454024018 2234030 Afnt
ut ude  (1/2)% 24529404 <46 Ara®
X dde  (1/2)t 45376+0.18 22404  Afn-
g usc  (1/2)F  2575.6+3.1 Ef
=2 dsc  (1/2)F 25779429 =
0p ssc (1/2)F  26052+£17 (69+12)fs weak
O wue  (3/2) 25184406 149+19  Alnt
ret ude  (3/2)Y 25175423 <17 A
R dde  (3/2) 25180405  161+£21 A~
St use  (3/2)t  2645.9%07 <31 E T
Che dsc  (3/2)" 26459405 <55 BT
(0 ssc (3/2)F 27659420 00y

NEEERYIBESSEFENFMIES 5?2



Production near threshold and tag
technique

* E.,-2M,.=26MeV only!
« AYA7 produced in pairs with no additional accompany hadrons.

E.ms=4600MeV

o efe—oy*— ATAL

* Clean backgrounds and well constrained kinematics.

 Typically, two ways to study A decays:
 Single Tag (ST): detect only one of the A} A,

=> Relative higher backgrounds
=> Higher efficiencies

=> Full reconstruction
* Double Tag (DT): detect both of A A,

=> Smaller backgrounds
=> Missing mass technique

=> Lower efficiencies

=> Systematic in tag side are mostly cancelled

s EBENRERYIESEFENFIMIS BA



G (pb)

Angular dependence analysis of efe— AfA;
near tl'lreShOl(i PRL 120, 132001 (2018) s

400 _—I T ~ T LN B I R B | = ) - o
[ oo onk } ; combined gata  f(0) o (1+as, cos®0)
[ -®- BESIII data : ] ('\! y I ] ('\! A Ll
300 [~ =¥~ Belle data : 4 = 1 = I |
[ — BESIII fit : 1 - ~ 6000 0
PHSP model ~ : ) % 2 M
200 :_.... Threshold ﬂ * i %_-‘ 8 8 4000:_ ]
- | & [P
100 |- . 100;‘ 4575 MeV (a) ‘ 2000 - 4600 MeV (b) i
: + ; ; 0T 05 0 05 1 05 0 05 1
0 : |_ — l- N |_ —— .) l_ — 41 COSOA COSeA
4.56 457 4.58 4.59 46 - c
s (GeV
nE Gp/GuP(1=82) = (1 — ax)/(1+ ay,).
Vs (MeV) A, |GEe/GuM]|
4574.5 —0.13+0.12 = 0.08 1.14 +0.14 £+ 0.07
4599.5 —0.20 = 0.04 = 0.02 1.23 £0.05 £ 0.03

® One of the most basic observables that intimately related to the internal
structure of the nucleon.

® One of the most challenging questions in contemporary physics is why
and how quarks are confined into hadrons.

® The electromagnetic form factors (EMFFs) have been a powerful tool in
understanding the structure of nucleons.

® First measurements of the EMFFs of the A}

- BN EERYESE T BN ETE EE



Observation of A,/ ">nKn*

v No measurements for A" decay into a neutron yet.
v" To confer the missing neutron, we define the variable M?,_. .,
which considers the beam energy constrain to improve resolution

————— 567/pb data @ 4.6 GeV
30 .-n-dnm L .

— Total fi : .

—A, bkgt 11 0.54 —
<+ =snon-A, bkg . f\]:
<2 § S 052k
¢ 5 G .
2 > Nl e
o 10 9 L 05, ' A et
g A\ & ' R
2 2 = : R
5 g 0.48
> >
10 10 b’y o

(&) 0.46 -
> | |I 3 l 1 il |
b B e g o 07 08 0.9 1 11
07 08 o‘.9 T 046 048 05 ‘o.sz 054 M2, . (GeV2 /C4)
My (GeV©/c?) M +,.- (GeV /c?) )
two-dimensional fit scatter plots M, . versus M=

BESIII Preliminary results: B[A . 2nK rt"]=(1.82+0.23+0.11)%

First observation of A" decays to final states involving the neutron

s EBENRERYIESEFENFIMIS [~



70¢
60—
o Belle, PRL 113, 042002 (2014,
50— ; : +«— 50 B . .
405 Integrated luminosity Ng 3000 Slgnal tags:
- > L
N3 / Intermediate | = 36447+432
. . goals w 20001
20f-  Machine/detector X - @ 978/fb
: commissioning l summer ,2 - o
10~ ™\ shutdowns — 10} ¢
PY P (P /A . R PP o 1000
x10%° gf N
6
Tenea: <F Instgntapeous 0
4 F- luminosity 2000~  (b) WS sample
2 1000
PR PR P B B R B
02016 2018 2020 2022 2024 05 2.1 22 2.3 24 2.5

M, ..(D"pr) (GeV/c?)

« Belle tags ~36K A%, while BESIII now tags 15K AL (567/pb@4.6GeV)

« By middle of 2019, BELLEIIl will have 5/ab data, 5x of BELLE data;
= 180K tagged A?:

« We will have 150K tagged A, however, BESIII is very clean

* Many precise measurements at BESIII will reach to the level of
systematic dominated
= BESIIl has advantages on backgrounds and systematics

s ENBERIESEFENFEIMIS B7



World campaign on the A{

BESIII Belle(-l) LHCb

A total yields . % % x % * ok N
S/B ratio N . % -
Systematic error * ok x ko * * % . x
Systematic research N " .
Semi-leptonic mode *oxxox *x .
nl K -involved mode * ok k *x ke
Photon final state * ok xk * ok v
Absolute measurement ok ox ok x % <

« The threshold data at BESIII have systematic
advantage over Belle(-Il) and LHCb in the Af studies.

* This proposal holds an optimal time window to
maximize the visibility of BESIII physics.

s ENBERIESEFENFEIMIS B



Events/(2 MeV/c?)

pull

Phys. Rev. D 98, 112006 (2018)

Measurement of the Decays A. — Xnm at Belle

N’\ = 7 N M 1 ' ! M v 1 M ' M M I M M M ' 1 N M N v
© - ’
s “BAF - Zta0q0 3
250 s = C R
= 120 )
o : ¢ ,
200 }’ 100 - * y
e - * e |
& = 17 74 X i
150 g s ¢ AT b 2k s IR, e !
60 o ¥ T TS
100 2 D S Y IR
; 40
50 20
o \--;"L._.".‘_NI....A Ao B g AN P ._...‘.-x-."'f"'.".' AL LTTXITITTOP STRTTPTPURN VRVRPoR cb— R P R L T T S
8 I PP ” o E D 2 T o SN oSS I oy Y,
g JI.WN.M. g 'm. “h. a 2 & .QM 0 g eV, 0 ® .% .M ...
& ° 4
B
27 553 D54 D06 008 23 052 054 036 258 2.4 2.2 2.25 2.3 2.35 2.4

M(E*x00) [GeV/c?]
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Important Input for b physics

* stringent Fragmentation Function of b/c quark to baryon

— [Eur. Phys. J. C12, 225 (2000); Eur. Phys. J. C 16, 597 (2000); Phys. Rev. D 85, 032008 (2012),

Phys. Rev.D 66, 091101 (2002).]

— Fragmentation Function (FF) is an important probe in experiment to test and calibrate QCD theory.

PhysRevD.85.032008
TABLE IV. Systematic uncertainties on the absolute scale of i 9% RN i
o/t fa): ] /451 L "% xf
Source Error (%) : 3 i l‘ : E—) ® K+
Bin-dependent errors 2.2 :‘\_,4\ \ /’ Ir\> ®p
B(A) — DpX =) 2.0 : : o
Monte Carlo modelling 1.0 €, Pe- s |1 I
Backgrounds 3.0 1) QED -calculable Qcp-non-calculable
Tracking efficiency 2.0 2) Hadronization/Fragmentation
Iy 2.0 3) Detection
Lifetime ratio 2.6
PID efficiency 2.5
Subtotal 6.3
B ek 00 @ Now B(pK™r™) are still dominated (6%)
Total 26.8
® 20x data=> small than 2%
s ENREERYIESEFEMNFMTS
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Contributions to Z;

LHCb ObSCTVed ..4 from T e v PRL 119, 112001 (2017)

l-!++ N /1+K d > 1605— LHCb 13 TeV

h'C'C C Tt a‘n %1405— Bl

=t 4 %120;— ‘‘‘‘‘‘‘ Signal

Zsm™ decays

Credits from theorists "

_ T("’ ) ~ 3 r("’CC) (Changa Ll 285'35|00' — 36’00 'H'37|00' —
Wang, Karliner, et al.) e Sl (NN

— “Discovery channels of :} e PRLI2L, _163002 o
EXt > AYK ntrt and o TR T
Zemt was predicted _z
benefited from BESIII Ag [T
measurements ol ]

3500 3550 3600 3650 3700
m(Efn™) [M eV/c ]

(Fu-Sheng Yu, etal, ’17
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First Measurements of absolute BFs

for =,
B(Z0 — =-nT) = (1.80 £ 0.50 = 0.14)%,
B0 — AK—7+) = (1.17 £ 0.37 & 0.09)%,
B(Z® — pK~K ") = (0.58 £ 0.23 % 0.05)%,
BEF — = ntnt) = (2.86 £ 1.21 & 0.38)%,
B(E — pK~nt) = (0.45 £ 0.21 = 0.07)%.

Large errors
Belle II will improve these to ~10%
BESIII has potential to improve these to be <5%
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A_." hadronic decay
B Study of SCS channels: A;*2>AK* pr?,pn,nit*, 20K+ 2+KO etc.

From Prof. Hai-Yang Cheng's report. PRD95(2017)111102(R)
C Singly Cat:ibbo-suppressed mode:: Al— pn"d, pn d 120 F da‘aal g ", Ty
_ c Py e ggn curve § ol 3
7' -n ' it 100r-...... background curve 05
d s ] & ] S — total curve i
u " ﬁ'u& ® gk data in AE sideband § 02
u u | p u u p c d p % C g 9
d d_| d d u u o 60 % Lk +
o Cy C e C
c d ] o d N u ]nol u 2 u ] " ‘g 40 e l : T
d ®m u m U [-m'n ) L
é d <: c X <;( Lﬁ 20 E_
c +
), [T 3 Y 202
d
- - . . - - = - 225 226 227 228 229 23
2 3
(dJ1 12 dd V3 & gl Mec (GeVic?)
7’ =(dd —uit)/N2, 1n=(dd +uii —s5)/3 for n-x' mixing angle =19.5°
BESIII: B[A.* 2p2<2.7 X 10
A(At— pn?) = (C + C, + Eg- Ep- E3)N2 It is most likely that
! M(AF = nxt) =V2M (A — pr¥),
A(Ac*— pn) = (2Cq+ Cp + Eq+ Ex+ E3)N3 I(Ac*— pn) >> T(Ac*— pg) c c

« More precise comparison of the two BFs are desired to explore the interference
of different non-factorizable diagrams and BESIII result support the theoretic
prediction. It is predicted that Br[A;* 2na*]~3.5xBr[ At 2pa?] [Hai-Yang Cheng,

arXiv: 1801.08625]
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A" 2>Al'v, decays

o Theoretical calculations on the BF ranges from 1.4% to

o BESIII performed the first absolute BF measurements.
o The BFs provide complementary information on determining

Events/0.010 GeV

ik

10F

-0.2 -0.1 0 0.1 0.2 -0.2

- PRL115(2015)221805 | 30| Phys. Lett. B 767(2017)42
A SAetv, +‘h1-J( 104+11 At 2Apty, 79+ 11

'H' 20—

| | | |

Unmiss (GeV)

A > Ae*v,]=(3.63+0.38+0.20)%
Agt> Aptv,]=(3.49+0.46+0.26)%
AF2Apty JIT[A > Aetv, = 0.96+0.16+0.04
rovides important input for calibrating the LQCD calculations.




Al DECAY MODES

Fraction (I;/I)

A? data in PDG2015

Sc:-le factor/
Confidence level (MeV/c)

Hadronic modes with a p: S = =1 final states

pK®

pK— =t
pK*(892)° [l
A(1232) T K~
A(1520) =~ [a]
p K~ =1 nonresonant

pK° =0

pT('“ n,

pK +x

pK~ =t =0
pK‘(892)- =t la]
P(K_ T _lponresonam T
A(1232) K*(892)

pK ztatx™

pK— =t =00

Hadronic modes with a p: S = 0 final states

prtw—
p fo(980) [al
pr R T w T w"
pKT K~
po [a]
pKt K™ non-¢

( 321+ 030)%
+ 032
(6847 0.40) %
( 213+ 0.30) %
( 1.18% 0.27) %

(24 £ 06)%
(38 +£04)%
(45 + 06 )%
(17 + 04 )%
(35 + 04)%
(46 = 08 )%
(15 £ 05)%
(50 + 09)%
seen

(15 + 1.0 ) x 1073
(11 £05)%

(47 + 25 )x1073
(38 + 25 )x10~3
(25 + 16 )x10~3
(11 + 04 )x10-3
( 1.12% 023) x 10—3
(48 + 1.9 )x1074

Hadronic modes with a hyperon: S = =1 final states

Azt
=t =0
/\p‘;
All ll ll—
F(1385)tata—, It —
Ant
X(1385) " ntat, I —
An—

HTTP://PDG.LBL.GOV
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( 1.46% 0.13)%
(50 + 13)%

< 6 %

( 350+ 0.28) %
(1.0 £ 05)%

(75 + 1.4 ) x 103

v’ Total branching fraction ~60%

v" Lots of unknown decay channels
v" Quite large uncertainties(>20%)

CL=95%

Created: 10/6/2015 1z

22.9%
25.0%

10.5%
13.3%
23.5%

11.4%
13.0%

33.3%
18.0%

66.7%
45.4%

45.4%
53.2%
64.0%
36.4%

8.9%
26.0%

7.8%
20.0%

18.7%

At 0

(14 £ 06)%

5(1385)1 0, £*F - AxT (5 +4 )x1073
AnT 77 m~ nonresonant < 11 % CL=00%
Azt atz—z0total (25 + 09 )%
Ax"rg [q) (24 + 05)%
¥(1385)*y la) (116 035)%
Artw [a) (16 £ 06)%
Artata— 729, no 7 or w < 9 x10—3 CL=90%
AK+KO (64 £ 13)x10-3  S=16
=(1690)° K+, =*0 - 2K (18 + 06 )x1073
nt (1.43% 0.14) %
r+g0 ( L37% 0.30) %
I*y (75 + 25 )x10~3
Ttata™ (49 + 05 )%
T+,0 < 18 % CL=95%
Y—atat (23 £ 04)%
50,450 (25 + 09)%
SO0ntgaty (113 0.31) %
X¥ata~ 7r° —
Sty la] (37 +10)%
FTKTK™ (38 + 06 )x10—3
Ito [a] (43 £ 07 )x10—3
Z(1690)° K+, =*0 (111% 029) x 1073
StK-
¥+ K+ K™ nonresonant < 9 x 104 CcL=00%
0K+ (53 + 13 )x10-3
E-Ktat (70 + 08 )x10~3  sS=11
=(1530)° K+ la (35 + 10)x10"3
Hadronic modes with a hyperon: S = 0 final states
AKT (69 + 1.4 )x107%
AKtata— < 6 x10—%  CL=00%
FOK+ (57 + 1.0)x10~4
SOK+ta— < 29 x10—4  CL=90%
FTKt=— (23 + 07 )x10"3
st K*(892)° la) (38 +12)x1073
F-Ktxt < 13 x 103 CL=00%
Doubly Cabibbo-suppressed modes
pKt= < 31 x 104  CL=90%
Semileptonic modes
Abty, (] (28 +04)%
Net v, (29 + 05)%
ApTu, (27 £ 06)%

=yMost BFs are measured relative 4o =sipKEimE 7@z = miTre

80.0%

36.0%
20.8%
30.2%
37.5%

20.3%

33.3%
10.0%

21.9%
33.3%
10.2%

17.4%

36.0%
27.4%

27.1%

15.8%
16.3%
26.2%

24.5%

11.4%
28.6%

20.3%
17.5%

30.4%
31.6%

17.2%
22.2%
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A. decay asymmetries

4(6)-fold angular analysis of the cascade PRD 100, 072004 (2019)
decays of Ac = pKj, Ant,2tnY and 20xt

- _A+ A -

S 80 (=4

o — z | (a) 2

A; b0 A T g g
— = L » >
2 = =

\
| &
4

=

CM frame A rest frame

_$2 =
= _g
___________________________________ (7))
\p 2
’ '5
-
=<
/ o
ol
&
A rest frame A rest frame @
AT = pKg AnT PR S0t -1 05 0 05 cosel
—T.0[16], 0.51 [11][—0.70 [16], —0.67 [11]| 0.71[16], 0.92 [11]| 0.70 [16], 0.92 [11] o
—0.49 [10], —0.90 [10] |—0.95 [10], —0.99 [10]| 0.79 [10] —0.49 [10]| 0.78 [10], —0.49 [10]
Predicted |—0.49 [17], —0.97 [18] [—0.96 [17], —0.95 [15]| 0.83 [17], 0.43 [15]| 0.83 [17], 0.43[1g]
Az —0.66 [19], —0.90 [30] | —0.99 [19], —0.86 [30]| 0.39 [19], —0.76 [30]| 0.39 [19], —0.76 [30] :
[0 —
Be 0,99 [20], —0.91 [31]|—0.99 [20]. —0.94 [31]|—0.31 [20]. —0.47 [31] |~0.31 [20]. —0.47 [31] Ol Ap= 0.28 + 0.13 £ 0.03
PDG [7] —0.91£0.15 —0.45£0.32
This work| 0.18+0.43+0.14 | —0.80+0.11+0.02 | —0.57+0.1040.07 | —0.73 4 0.17 £ 0.07

« Best precisions on the hadronic weak decay asymmetries
« The transverse polarization is firstly studied and found to be
non-zero with 2.1o
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