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Charm baryon decays at BESIII

BEACH2024

Charm baryon family

-> Singly charmed baryons

_ — /) ETNE L ES e 30—
<+ Established groud states: A7, X , 2 ., Q. QEL s 2
\/ - . 2_%+ ‘ZO% Z+%+
%+ Excited states are being explored =3 =3 .
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- Doubly charmed baryons E " observed in recent year

?
1?4 (2940
ph 2.t
>0 |

-> No observations of triply charmed baryons

(a) Charmed baryons
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> AT: the lightest charmed baryon : -
z 2.7 — T —% |
% Important tagging for charmed baryons and Bottom 2 ' 2+ | v 2048 e
b = 22825
aryons 2 |l ‘Egg,(
- . . . E ]'“”Y .E'c -
-> Naive quark model: a heavy quark (c) and an Main topic of thig ta'k:u/\c* . C .
unexcited spin-zero diquark (u-d) 25— e by 02

< HQET: diquark correlation is enhanced by weak Color

Spectroscopy is w

al

Magnetic Interaction with a heavy quark
% AT reveal more information of strong- and weak-

C

described by th
quark-diquark mo?»el

interactions in charm region, complementary to D(S)

m,, m; > m, = diquark(qq) + quark(Q)
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BEACH2024 Charm baryon decays at BESIII

AT weak decay picture in theory

- Dilemma in theory
% AT energy scale: perturbative < non-perturbative
%» Well known factorization method failed, non-factorizable diagram plays an important role in Aj decay

-> Many phenomenology methods are developed to explain data and predict observables

* HQET, factorization
% Various quark models, pole model+current algebra, ...
% SU(3) flavor symmetry, topological diagram, irreducible diagram, ... (parametrize & fit to data)

< LQCD (from first principle) . A ‘_/Z.
W .

W .’

(T) (C) (C)
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable

: W
W
(E) (B) (P)
W-exchange Bow tie penguin
non-factorizable non-factorizable neglected
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BESIIl experiment
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BEACH2024 Charm baryon decays at BESIII

BEPCII

j ing EIectron Positron Colllder II(BEPCII)
. B iﬂﬂ ‘-:"‘..\ ‘7"’-m._4 . o - < . .

2021 energy upgrade to 2 48 GeV
- 2004: started BEPCII upgrade,

% BESIII construction
N 2008: test run
\ ~ 2009-now: BESIII physics run
~ 4 - 1989-2004 (BEPC):
Lpeak = 1.0x1031 cm=% - s71
* 2009-now (BEPCII):
Lpeak = 1.1x1033 cm™2 - s~ 1

- v ‘J
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BEACH2024 Charm baryon decays at BESIII

BESIII detector

Superconducting solenoid Time Of Flight (TOF)
H10T B 9 layers (barrel) + 8 layers (end-cap)| ® 0t = 90 ps (barrel)
B g, = 65 ps (end cap)

\ I

:D\PC- 9 Electro Magnetic
ayers Calorimgter

SC ‘
Solenoid HIm

Barrel
ToF

Endcap
ToF

SC
Quadrupole

e+ ﬁ = e = s [ e . e - e =t =1 o=

7 « ( Main Drift Chamber (MDC)
B o, =130 um
B AE/E = 2.5% @ 1.0 GeV B AP/P =0.5% @ 1.0 GeV

B oy, =06cm@1.0GeV B 0ic/ax =6—7%
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BEACH2024

Charm baryon decays at BESIII

New data samples in 2020 and 2021

- In 2014, BESIII took 35 days data at 4.6 GeV with luminosity 0.587 fb~!

!
J/'Qp BES II ’06 ’09
A Mark-I
Mark-I + LGW
B Mark-II
® PLUTO

~0.IM ATAT

-> During 2020-2021, BESIII took new data samples at charm baryon pair
threshold

- % Crystal Ball
4 | * BES II ’99 01
- © KEDR
L jk .
2 -2 - ==<% Epa
T as
Chin. Phys. C 46, 113003 (2022)

Sample E.ms/MeV LBhabha /pb_l
4610 4611.86+0.12+0.30 103.65+0.05+0.55
4620 4628.00+0.06+0.32 521.53+0.11+2.76
4640 4640.91+0.06+0.38 551.65+0.12+2.92
4660 4661.24+0.06+0.29 529.43+0.12+2.81
4680 4681.92+0.08+0.29 1667.39+0.21+8.84
4700 4698.82+0.10+0.36 535.54+0.12+2.84
4740 4739.70+0.20+0.30 163.87+0.07+0.87
4750 4750.05+0.12+0.29 366.55+0.10+1.94
4780 4780.54+0.12+0.30 511.47+0.12+2.71
4840 4843.07+0.20+0.31 525.16+0.12+2.78
4920 4918.02+0.34+0.34 207.82+0.08+1.10
4950 4950.93+0.36+0.38 159.28+0.07+0.84

Xudong Yu (Peking University)

=> Two major changes in BEPCII machine:
< Max beam energy: 2.30 — 2.35 (2020) — 2.48 GeV (2021)

% Top-up injection: data taking efficiency increased by 20~30%

-> New data samples taken during 2021-2022
% 3.9fb ! scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)
~0.66M ATA”
% 1.93 fb~! scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)
~0.21M ATA”

Accessible to 2 _./E /A production and decays

Charm baryon decays at BESII 5 Jun, 2024 9



Charm baryon decays at BESII
Pair production near threshold & tag method

> ete” oyt o Aj/_\;: production without accompanying hadrons at 4.6~4.7 GeV
-> Clean backgrounds and well constrained kinematics  p1 BE formula

’:’ AE — EA o Ebeam Zzy Nl%),.'yI‘ NDT NDT
Bsig — N J i — Eéi i,] — NST . esig’
- Single Tag (ST) method: detect one of the A:F/_\C_, Ngj = 2N/ . Bl €l g =) (N—SfeDzr) /3" N,
i,7 ST 1,7

< Relative hlgher.background with higher efficiencies N3 = 2NIJ\ A B, Bsig€ll, Ner = 3" N

“* Full reconstruction only .
- Double Tag (DT) Method: detect both of the ATA~ )

% Lower background with lower efficiency @

< Full or partial reconstruction (technique for missing particle: v, n, Kg) \ /

Reconstruct A by dominant and clean decay modes,
e.g., A —>pKO,pK+ ~ .o with BT 9T 2 8%

Search for A signal decay in the recoiling side

N/

% Systematic in tag side are mostly cancelled
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Recent physics results
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Charm baryon decays at BESIII

Recent studies on the A" measurments at BESIII

> A semi-leptonic decays
o AT = Aey, Apy,
e A - Xe™y,
o AF—> pKe'y,
s Af = Antnety, pKinety,
-> A hadronic decays (two-body)
& AT > nxt
e« AF— pny’
» AT - pn, pw
& AT > pyzo, pn
e AT > AKT
s A} - XK THK
& A+ N EOK+
-> A hadronic decays (multi-body)
e AY = natn’ nntrn nK ntat
2 AF — nKont, nKJK*
% /_\C_, — nX
o AF— Axta’
o AF > AKT2Y, AK ntn
o AT > X Kn™

o AF - BK2Y nk*720, 2Kkt AKT A

Xudong Yu (Peking University)

Phys. Rev. Lett. 129, 231803 (2022). Phys. Rev. D 108, L031105 (2023).

Phys. Rev. D 107, 052005 (2023).
Phys. Rev. D 106, 112010 (2022).

Phys. Lett. B 843, 137993 (2023).

Phys. Rev. Lett. 128, 142001 (2022).
Phys. Rev. D 106, 072002 (2023).
JHEP 11, 137 (2023).

Phys. Rev. D 109, L091101 (2024).
Phys. Rev. D 106, L111101 (2022).

Phys. Rev. D 106, 052003 (2022).
Phys. Rev. Lett. 132, 031801 (2024).

Chin. Phys. C 47, 023001 (2023).
Phys. Rev. D 109, 072010 (2024).
Phys. Rev. D 108, L031101 (2023).
JHEP 12, 013 (2022).

Phys. Rev. D 109, 032003 (2024).
Phys. Rev. D 109, L071103 (2024).

Phys. Rev. D 109, 052001 (2024).
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Definition of the polar and the azimuthal angles Differential decay width

Events/(0.14 GeV?/ ¢4

Events/0.2

BEACH2024

Decay dynamics of AT — Ae™v,

Helicity amplitudeS'

X [(1 =cos8,)H_ioH1; + (1 + cos He)HmH_l_l]},
4D fit to extract FFs 272 VT2

Phys. Rev. Lett. 129, 231803 (2022).

Hju = /Lvlw HﬂMw

d'r _ GVl Pg* (3
dg’dcosf,dcos,dy  2(2m)* 24M3% |8
3
—|—131n20e[|H%0|2(1 +apcos8,) + |H_j|*(1 —apcosb,)] +

Charm baryon decays at BESIII

V
and HZ;T), =+

+(=)H, )

3
(1 —cos8,)?|Hy [*(1+ aycosb)) —|—§(1 +c0s0,)*[H_i_;[*(1 — apcosb),)

3 : :
——=apcosysinf,sind,

2V/2

Neglect lepton mass term

e v mass squared: q
. A — pr~ helicity angle: 6’p

150

100

W
S

150
100
50

« W* - e™v, helicity angle: 6,

« Acoplanarity angle between A and W*: y FY () = (M 4 M [f+(q (M +MA) —f (q) q] .
J M+ - (My++ M
Parameterized by HD = G, A)W‘f’ Fa)
‘—‘—'T'_% “Weinberg form factor FU@) = G =g @M = Mo’ =01 41 |
— — _ — — MA (MA - A) 2 2
| Mo + M = - [g+(q ) —g.(g7)).
; HY, = VIO IF @)+ ST v F * ——e—
| — My — M
TILLLIS SIS SIS IS IS IS VY 7777270 rssseseseeeed 4 | Hi‘l = 2Q+[F1]i4(q2) - ( AM . A)Fé(q2)]7
0.5 , 1 -0.5 09 0.5 | - Ae b
2 4 CcOS , 7 i
q (GeV /c ) H‘l/o — Q [(MA+ + MA)FV(qZ) + _FV(qZ)]
| 2 q MA g
3 lsow t’jo =y 7 013 =MoL = SR The relation between
2 100} — “Weinberg form factor’
5
2 50 &
el R “Helicity form factor
cosO y (radians)

Xudong Yu (Peking University)

Charm baryon decays at BESIII

Parameterized by
“Helicity form factof’

= V20,
V20.9.(4%),

FoIIowmg LQCD

5 Jun, 2024 13



BEACH2024

Indirect test of SMin AT — Ae™v,

Steeper slope

3 == DATA: A;—> Ae'v,
. - LQCD: A7 —> Ae'v,
(@\]
‘2 2
'.H .
1 - .
0 0.5 1
g* (GeV?¥c%)
&
)
A4
+
(T

. 1
g* (GeV?¥c%)

0.5

Yy 7/ 4
vy
%
€

&

R AN VX
<,
NN

AW i
NG
gﬂil

IFi
NI

.!
A

|V, = 0.936 £ 0.017 % 0.024; ocp £ 0.007,

g, (@)

Gentler slope

]
'.“

.
«®
“““
>
S

0.5 1
g? (GeV?/ ¢4

W 2z

Form Factor
Calculated from LQCD and models

0.5 1
g* (GeV¥c#)

Charm baryon decays at BESIII

NPT "=1253+39 First direct comparison to LQCD

300 —+ data N DATA: A;—> Ae'y,
% — total fit ~ <~ e LQCD: A;—> Ae'v,
: : ] B sl e s
Branching Fraction 2 et || O s
z D 0.1 <
BN - AeTv,) =(3.56x0.11 £0.07) % from BESII/ | § 100} <
a8 0.05
Precision improved L’ .0 . . . . . .
02 -01 0 01 02 ™ % 02 o024 06 08 1 12
U iss (GeV) 7 (GeV2ch)

erved within uncertainties
for the resulting differentiahdecay rate of LQCD

Lifetime
7y, = (202.4 £ 3.1) x 107 ps from PDG

WEIGHTED AVERAGE
201.5+2.7 (Error scaled by 1.6)

2

X
15 T RS AC R ma e / S DR 19AG LHOB 04
e % B e S KUSHNIR.. 01 SELX 02
Py e ] —_— MAHMOOD 01 CLE2 7.2

r \ ] FRABETTI 93D E687

1.0 Am, & Am, / -
F - § .

k Confidence Level = 0.047

- sin2p : | | ( | )

160 180 220 240 260

/\2L mean life

CKM unitarity
|V..| =0.97320 £ 0.00011 from CKM unitarity fit

- y & ]
: : : - Erm o was 280
Consistent with | V.| measured in D — Kly, B ou 00 L DO et
p

Xudong Yu (Peking University)
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Charm baryon decays at BESII
LFU test in A;l' —_ A//t +U//t Phys. Rev. D 108, L031105 (2023).

syst.

- = nonres bkgs

“

» 3 times more precise than prior results
2 BN = Ae™ V)| BN — Ap'v,) = 0.98 £ 0.05,, +0.03,, consistent with

LQCD (0.97) | | 1'1. //// ///

/ // / / -+ data
1.14 — total fit
- Improved measurement of B(AT — Au"v,) = (3.48 £0.14, +0.10,,) % el ﬂ s K> Ao

L)

. . . . 0.2
> Differential decay rates in separate four-momentum transfer regions (GGV)
dl" Nbins '
_ 2 -1 J ST & e Ve Ai—>Ae'v,
Arl — / d 3 dq — E (€ )l]NDT/(TAc X N ) E 0.15 ’ - . 021
oo i 49 J=1 & 0.1F \ " Q;CEE _nga - +’;|
. L . . . . . 5 S 0.05 04l _'}'_,:?_,-_-*-#g
& € efficiency matrix for reconstruction efficiency and migration effects across g~ bins 5
J B % 0204 9f6 08 1 12 0 o.'52 1
> Model-independent forward-backward asymmetries for lepton system and px 7 (GeV) 7 (GeV)
system L ois T
15 T Jcosf o L 1cos@ 2 ol
Af’p (qz) - 0 dqzdcose,;,p Z,p —1 dqzdcosﬁf,p Z,p 3 0.05
FB S (l__dT__ g4 0 d*T S . T |
cos@ dcos@ 0% 02 04 06 0. . .
& fO dg*dcosf, Z,p T f—l dg*dcosf,, Z,p 0 02 04q9(66€0\,82) b1z 0 0q52 (GeV?) :
< Average lepton FB asymmetry: (Afg) = —0.24 £ 0.03, £ 0.01 T n -
7 L L 05 IR S, i A 2 E 2r N
(Apg) = —0.22 £ 0.04;,; £ 0.01 4y $5 OH‘_ _}'_+ '+" 2 als»_;__,-_—-- D e
-> No evidence for a violation of LFU 0.6 | | | | _l_,
0 0.5 1 0 0.5 1

g% (GeV?) g% (GeV?)

Xudong Yu (Peking University) Charm baryon decays at BESIII 5Jun, 2024 135



Charm baryon decays at BESII
Decay asymmetry and FF measurement for AT — Al™y,

2
- Decay asymmetry a, vs Forward-backward asymmetry AﬁB a,\c(qz) = o [Af;B(qz)]
c A

% Model-dependent determination: o |H1/2 11?=1H_1/2 —11*+|H1/2 0|*~|H_1/2 0|
Ac |Hy /2 1|2 +|H_1/2 —1|%+|Hq /3 o|?+|H_1 /2 ol*

< First model-independent determination of o (qz)
& q2 averaged asymmetry

(ALg) = —0.33 £ 0.0354a¢. & 0.015y5¢. Onlyfor AY — Aetu,

<AZIZ‘B> = —0.37::0.04813&1;,:ZO.OISySt, Only for AT — A,u+1/ﬂ

<CIAC> = —0.94 & O-O7stat - 0-035yst Combine e and u channels

f(g%

- Improve measurement of the FF parameters in the AT — A transition

f, (g%

0 0.5 1 0 0.5 1
g2 (GeV?) g2 (GeV?)
5 Jun, 2024 16
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BEACH2024 Charm baryon decays at BESIII

Measurement of A(_:l_ —> Xe +I/e Phys. Rev. D 107, 052005 (2023).

Momentum range: 500-550 MeV/c o RS PID-corr yield
Data collected at 4682 MeV "NS™ 1 [Pese Proe Pxoe Ppoe] [NE 5 4. T VsHDcomyi
—~ | __(L_ 0= RS-WS PID-corr yield
N T N;)[bs B P,.. P._.. Px.. Pp—>7r Ngue E 400 +++ I 1 §
N | | Peok Prokx Pxok Ppox | | NE© S *,
= T RS S WS £ 200} |
% § sk ! . -N(l))bs- —Pe—w Pfr—w PK—>p Pp—>p- -Ngue- @ s ——
=LY i < il ]mm PID migration matrix M T
----- iy | iR Sii 02 03 04 05 06 07 08 09 1
N e T 226 228 23 232 234 Contamination of other particle types (p, 1, K™) p (GeVic)
Be M g (GeV/c?)
[ h P a ) - )
Reconstruct RS and WR sample | ™ . ; .
. . x > | PID unfolding ' > | WS subtraction
In different momentum bin —
— ) — _J — )
B(Af = Xetv,) = (4.06 £ 0.104,, &= 0.09) %.
[(Af = Xe'n,) AL
— = 1.28 = 0.05 ~ N ¢ ~
D= Xew) SF determination | Prsp Extrapolation | < |Tracking effc folding
etermination | Xtrapoliation | IraCKing eticiency unrolain
Compared with HQE(1.2), EQM(1.67) P — J y J
- y - y - y
600 [ . ¢ . rod / .
L 5 1] Moddl NEe(i) = 3 Am(eli J)NE ()
A = Ae'y, 3.56 £0.11 £0.07  References [6] S 400l j
Af - pK~(nK®)etv, 0.088+0.01710.007 PHSP [7] § _
AF — A(1405)e*y, 0.24 HQET [27,28] % ol * Geometrical acceptance
A} = A(1520)e s, 0.06 HQET [27,28] @  Track reconstruction efficiency
Af — netu, 020 Quark model [29] ¢t « Resolution smearing
0 0.1 02 03 04 05 06 0.7 0.8 09 1
Based on our knowledge of MC model p (GeVic)

17
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Study of AT — pK e, & search for A(1405)/A(1520)

Phys. Rev. D 106, 112010 (2022).

> AT - pK~e™u, is firstly observed with significance of 8.2¢' NOL,. =335+63
2o BAF - pKetv,)=(0.82+0.15%+0.06) x 107> 20{ +asta
- The only observed SL channel beyond AT — Al™y, ?g 15k B2 ke,
AT SL is not saturated by Al"1)! ~ AL pKty,
%(Ag_ — pK_€+I/e) 3 < A= pKr*r®
. — (21 i O‘4stat i Ols St) X 10_ % 10 - other bkgs
%® Q%(/\g_ — X€_|_Ue) . y . *qa)
LE 5k 4 ¢ *
- + + + + I.lm
- Evidence of AT — A(1520)e™ v, (3.30) & A — A(1405)e™v, (3.20) T TS

s BN — A(1520)ety,) = (1.02+0.52,,, £0.11 ) x 107 U (GeV)
Nyis520ery, = 84 £ 4.3

» BN} — A(1405)[ - pK~le*r,) = (0.42 £0.19, £0.04,,,) x 107 NPT o = 148467

sta syst.

-> Comparisons of (A" — A(1520)/A(1405)e™v,) with predicted values from lo- W A0S e
theoretical models and LQCD < P
> — pKr*n®
< Consistent within two standard deviations 2 e
TABLEL Comparison of B(A} — A(1520)/A(1405)e*v,) [in x107] between theoretical calculations and this measurement. The =~ —— o g 5
BF of A(1405) - pK~ is unknown [2]. | PrOSpeCt: | %
B(AF — A(1520)e*v,) B(A: —» A(1405)e*r,) | 1. Amplitude analysis of pK~ mass L%
Constituent quark model [8] 1.01 3.04 Spectrum to StUdy A>X<
Molecular state [9] 0.02 _ + |
Nonrelativistic quark model [10] 0.60 243 2 Extraction of AC —> A(1520) FF |
Lattice QCD [12,13] 0.512 £ 0.082 - — R 1.4 :
Measurement 1.024+0.52+0.11 BN S ) M (GeV/c?)

Xudong Yu (Peking University) Charm baryon decays at BESIII 5Jun, 2024 18



BEACH2024 Charm baryon decays at BESIII

| want perfect
e —m ID!

Search for A} — Arxtn etyr, & pKin~ety,

dE/dx [mip]

> Search for AT — A*e*v,: Az*n™ and pK{n~ are used to tag A*

Phys. Lett. B 843, 137993 (2023).

10
p [GeV/c]

v BN1520) - Azt ) = (10 £ 1) %

« Low momentum of e/ causes serious misidentification

B < 3.9x10* @ 90%C.L. -

& Hi ' % % — Kk - 0 — Challenge from misID between ¢ and 7
» Higher excited A* states may decay to pK*(892)~, K*(892)” — K(n . The phase space of 5.body decay Is very small
-> No significant signal is observed, and hence the ULs are set AT —— lt
| T = An"n"elr,
2o BN — Artrmetr,) <3.9%x107° @90 % CL g [ e
4 =
0, — -3 !
w BN - pKJn~e™r,) <3.3x107°@90 % CL S L | Sosf
|
- Assuming that all the Az 7z~ combinations come from A*, 0

B(AF — A(1520)ety,) < 4.3 x107°@90 % CL B U, (GeY)
BN — A(1600)e™v,) < 9.0 x 102 @90 % CL

0.001 0.002 0.003
BA A metv))

LN

/

B < 3.3x10" @ 90%C.L. -

I + 0O_—_+ ata 1
The BFs for A7 — A*etv, predicted by different theoretical models, in units of ~ 3r Ac — PKSﬂ € be+d,gt e \
_4 - signa
1077, § non-A; bkg §
A* state CQM [8] NRQM [9] LFQM [10] LQCD [11] S 2r | Ac bkg 'JE .
A(1520) 10.00 5.94 — 5.12 + 0.82 P il
A (1600) 4.00 1.26 (0.7£0.2) e = !
A(1890) — 3.16 x 1072 — — s ]
A(1820) — 1.32 x 102 — — i
00 '

Limited sensitivity to identify different theoretical calculations

Xudong Yu (Peking University) Charm baryon decays at BESIII
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B(A —pK g ety
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BEACH2024 Charm baryon decays at BESIII

Phys. Rev. Lett. 128, 142001 (2022).

First observation of A — nzn™

- First observation of SCS decay A" — nz™ (7.30) . zz —2 ] l Jq{
> fe iy
—— RE I
> BF is measuredto be B(A = nn™) = (6.6 1.2, =+ O'4syst.) X 10 = wb i Il i‘f%ﬁm lllllllll l
< Consistent with SU(3) flavor symmetry prediction!'] E wh oo A:Ai’kg
< Twice larger than the dynamical calculation based on pole model and CA[2 20 [ \ /W
[1] PLB 790, 225 (2019)  Bambadt bbb s N |
[2] PRD 97, 074028 (2018) 09 | T 12 L3
-> Byproduct: M,.. (GeV/c?)
. + +) — -2 7y
# B = AT = (13 E0.080 £0.055,) x 10 > Consistent with previous BESIII results
v BAF - E7") = (1.22£0.08, £0.07,,)x 107

BN — nn™) 0 s
5 R= > 7.2@90 % CL with input from Belle (A — pr’) < 8.0 X 10 @90 % CL
BN — prV)

< Disagree with SU(3) flavor symmetry and dynamical calculation[3-12] while in consistent with topological-diagram

approach[‘] 3- 14] :3: Phys. Rev. D 49, 3417 (1994). 8] Phys. Rev. D 93, 056008 (2016).
4] Commun. Theor. Phys. 40, 563 (2003). [9] Phys. Rev. D 97, 073006 (2018). [13] JHEP 02 (2020) 165
S — 5] Phys. Rev. D 97, 074028 (2018). [10] Phys. Lett. B 790, 225 (2019). [14] JHEP 09 (2022) 035'
6] Phys. Rev. D 101, 014011 (2020). [11] Phys. Lett. B 794, 19 (2019). '
L 7] Phys. Rev. D 55, 7067 (1997). [12] Phys. Rev. D 108, 053004 (2023).
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BEACH2024 Charm baryon decays at BESIII

Phys. Rev. D 109, L091101 (2024)

Measurements of A;l._ —> pﬂo,pn,pn’,pa) JHEP 11, 137 (2023)

Phys. Rev. D 106, 072002 (2023).

IS———

o > BAF — pr¥) = (1.561072 £ 0.20) X 107 (3.76) => first evidence
3 o} \ <« Result distinctly exceeds the upper limit measured by Belle ( < 8.0 X 107°)
¥ty > BN — naH)I BN - pr’) = 3.21“%%
> i igﬁgin ggglggigilu;) < Consistent with majority of phenomenological predictions

- - <+ SU(3) broken SU(3) respected —

‘ s onea v A < 2D plot shows the importance of considering ©(15) which indicates the non-
S T factorizable contribution

B (Al— pn®) (x10™)

~ Q) L +
N + & n a 800 A, —-pa n
> —t data > 2001~ —+ data > : - - Signal - ¢ Data (b)
) O <o —— fit result % [ - Background ., gl --Signal
E 500 — fit result E — fit result 2 600~ signal > 8 A*A. background § - - Background
= -~ signal — -- - signal < | non-o g | &3 qq background T § 6 - = AEI;C blf ckgro:imd >
& [ - I ac oun N
) - -- - background n 'H' - - - background 400 ------ background S Of S [ o
2 ; 100 'I"I' . -’ E - @ 4L
= = T T ) 5 4r g Ff
5 = 1 3 = f ot :
o O = 200 oy = -"
> » , + QL 2 — 2 —— |/
= + = > - e o e o ) IO e
! ! i-1 1 i ' * = 3 0- e N S o LR s
1 I N Y L N s S0 S S TR - P IR P ST TR B T | e . o : . . . ) )
07326 228 23 232 234 07326 228 23 232 234 % X o8l 9M 995((}6\, /iz) R 085 09 " 095@ Lot
M BC (GeV/c ) MBC (GeV/cZ) MBC (GeV / 02) rec(Ag p) vy (GEV/CEY)

> BN - pn)) = (5621559 x 107 (3.60)

"

» Consistent with Belle’s relative measurement

> BN - pn) =(1.57+0.11
% Most precise to date

> BN} — pw) = (1.11 £0.20y, +0.07 ) X 107 (5.70)

. £0.04¢,) X 107 (>100)

sta

% Obviously higher than Constituent quark model
prediction.
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Charm baryon decays at BESII
Measurement of A;l_ —> AK+ Phys. Rev. D 106, L111101 (2022)

-> SCS decay, measurement relative to CF channel §220F T T T
< 200
% 180 +D.ata
g = B2 MKy ag 034, +020,)% =160 Ry
— — ~ =+ Signa
-> %(Ag_ N A]Z'+) ( . — stat. — ¢ Syst.) 0 g 140 | - - Background
A 120 | TTNES 0
2 Consistent with Belle (7.4 £ 1.0y, = 1.2, ) % and BaBar (4.4 £ 0.4y, + 0.3, ) % % 100
< Naive estimation of factorizable contribution ~ (tan 6. f/ fﬂ)2 =7.6% o 80
More careful calculation: £, . = (7.43 £0.14) % 28 44
<« Different from A, decay: B(A, = ATK™)/ BN, > Afn7)=(7.31£0.16x0.16) % 00 BLSTNERET " W g,
< Nonfactorizable contributions in Aj decay are important and significantly underestimated? 0 2_2JI' ‘ 2Lé _ m"d
Mg (GeV/c?)
> BN; - AK*) = (621 £ 044, +0.26,, +0.34, ;)X 107

< Significantly lower (~40%) than the predictions based on the SU(3) flavor symmetry, constituent quark model, or current algebra

/ - = = ——— - — = —_ =
d >
’/ \
A\
4 \

TABLE I. Theoretical predictions on the branching fraction of

Al - AK™.

Theoretical predictions B(Af - AK™) (x1073)
SU(3) flavor symmetry [8] 1.4
Constituent quark model [14] 1.2

Current algebra [15] 1.06

Diquark picture [16] 0.18-0.39

SU(3) flavor symmetry [17] 0.46 + 0.09
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BEACH2024 Charm baryon decays at BESIII

Measurement of A;I_ —> ZOK_I_, Z_I_KSO Phys. Rev. D 106, 052003 (2022)
N(ZOK*) = 433 + 4.2

- Two SCS decays which only receive non-factorizable contribution | 's = 4.600 ~ 4.699 GeV

=
—

W
—
I

—
=)
'. 1 ' 1 ]| T T L T T T T T

B(A} - 2°Kt) B(AF - ZTKY)

Events / (2 MeV/c?)
(\®)
&
I—'—{

% A+ —> ZOK + ¥ corrections
R = ( ¢ ) = 0.0361 = 0.0073 + ().0005 } NIT bag ode] [ﬁl P P
- %( A—|— N 20 7z.-|-) stat. S}’St. ; Diagrammatic analysis [4] 55+£1.6 9.6 +24
C H Hﬁ; o T, #ﬁ ; SU(3) flavor symmetry [5] 5.4 40.7 54+0.7
HE T OO IRA method [6 50+£0.6 1.0+04
%(Ag_ — ZOKSO) &;1 | 1;‘ ol B i&l@_ PDG20t20 [2[8]] 52+0.8
5 R=— = = 00106 00031, +0.0004,,, 326 RN
— — . ) €V/C
(A ) - = (S*K9) = 43.6 + 6.0__
0 A ;( | /s =4.600 ~4.699 GeV |
-+ +\ —_ I N L + +3-0 NQ
> BAF — 20K) = (4.7 £0.9,, £0.1,,, £0.3,.)x 10 N f o AR ol AR o
+ + 70y — —4 > | o % >
> BN - 2K)=@48x14,, £0. 2Syst +0.3,.¢) X 10 R R it o |
&  First measurement for Z+K€ < 10 ﬂ'}*}} = 105
o ‘ > Z
v AT > >YK* is consistent and comparable with Belle and BaBar = S L I &m- ol T A
1 — L5 12 1.25 ‘
. - - 228 23 232 234 . . . ;
< Consistent with SU(3) flavor symmetry M, (GeVieh My, (GeVich y
"~ 2D fitting since the contamination of A AF - pKer
U > U - d > d
BN — K
5 = 0.98 £ 0.35(stat.) £ 0.04(syst.) = 0.08(ref.) c—> >—— s ot c—» >— s 30
B(AE — THKY) - R{ =0
C W-|— — C W+ —
< Korner-Pati-Woo theorem is confirmed! 3 3
" -
d > d Uu P U
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Charm baryon decays at BESII
Decay dasSym metry for A;I_ —> EO K T Phys. Rev. Lett. 132, 031801 (2024)

Theory or experiment B(Af - B°KT) (x107°)  amg+  |A] (x1072Gp GeV?) |B| (x107°Gy GeV?) &, — &, (rad)
Korner (1992), CCQM [7] 2.6 0 Ce
Xu (1992), Pole [8] 1.0 0 0 7.94 o Early calculations:
Zencaykowski (1994), Pole [9] 3.6 0 Small BF due to strong cancellation in $- and P-wave amplitudes
Ivanov (1998), CCQM [10] 3.1 0 Zero decay asymmetry owing to the vanising S-wave amplitude
Sharma (1999), CA [11] 1.3 0 o o
Geng (2019), SUQ3) [12] 5.7+0.9 0,94j8-?16 2.7 £0.6 16.1 £2.6 ce
Zou (2020), CA [6] 71 0.90 4 48 12.10 L Recent calculations (after BESIII 2018 result):

’ a 0. 0 ' 0. Theorists made modification to match with experimental measurement
Zhong (2022), SU(3)* [13] 3-8:()).;1 0'911L8.82 3202 8-71L8.g o Much closer BF but introducing a large positive decay asymmetry
Zhong (2022), SU(3)? [13] 5.0108 0.99 + 0.01 Bl 12.3%3
BEST (2018) [14] 290 = 0.66 =0.59 - - - "~ Need experimetal measurement of decay asymmetry!
PDG fit (2022) [2] 55+0.7 o o . . P y asy ry:

> A —> =K is pure W-exchange process which has significant contributions in charm baryon decay.

- Non-factorizable W-exchange diagram cannot be calculated using theoretical approaches. — 2
e (:E“

- Long-standing puzzle on how large the S-wave amplitude. L > K
(U > (n

: : : A+ © > > s (2

-> Experimental measurement of decay asymmetry is crucial and urgent. §W+ ?}w
Ld —> > U
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Charm baryon decays at BESIII

Decay asymmetry for AT — =OK

> Partial decay width for At — Z°K* B — Azxt, A — pz~ based on helicity amplitude.

-> Fit to angular distribution

COS 90

60[

Lee-Yang parameters app = |Hi|?> = |H_1|?
2 —2

2Re(s*p) ~ 2Im(s*p) [s[* = [p/?

app = , BBp = , YBP = , Bpp = \/1 — a4 ,sinApgp,
|s|2 + |p|? |s|2 + |p|? |52 + |p|? BP

— 2
TYBP = \/1 — aBpCOSABP,

Events /0.1

Joint angular distribution formula

dr’

dcosfly dcosfy dcosfy dcosfsz doi dos dos i
x 14+ agcos>6, 40 +

+ (1 + 00003290) Q=0 g+ Qp 0 COSO2 +

+ (1 + aocos290) QA0 et Oy — cosfscosls 20__+ +

Events / 0.4

+ (1 + 00005290) aAﬁoapﬂ_coseg e

-1+ aocoszeo) azop+1/1— aiwo Q- sinfzsinfzcos(A, o + ¢3)

6oL cosf,

+4/1 — a% sinAgpsinfgcosfpa o i+ sinfysing;

Y

st 40
1 — a2 sinAgsinfgcosfpa, _osinfising; cosds I W [ +
20- T+ 20¢ +

1— a% sinAgsinfocosfpazo g+ @) 0 Qe — sinfqsingicosfs +

T Ut A%
/V/{///I/V///VA/A/{/I/{/vm%f?zl/,, Z

ﬁ

i

1-— a% SinAQSine()COSOoCXpﬂ__ sinfqsingq cosfycosls -1 -0.5 0 05 1 0 2 4 6 =0 rest frame

A rest frame

—4/1 - a% sinAgsinfgcosfg,/1 — aiﬂo a, - sinfsing;sinfzsinfzcos(A , o + ¢3) Polar angle Azimuth angle
+4/1— a% sinAgsinfgcosfp /1 — 0‘2EOK+ a ) 0cospisinfosin(Aco o+ + ¢2)
+ /1~ e sinfosinfocosboy/1 — aZ, | @ ocosdisingsindzcos(Aso et + 62) Level Decay Helicity angle Helicity amplitude
+ 1/1 — a2 sinAgsinfgcosfo /1 — a:‘; o, cosfisingisinfzcos(A- + ¢2)cosh - - A —
o 0sinfo 04/ =0+ %p 1 1 2 0K+ 2 3 O € € — AC (Al) AC (AQ) (00) A)\l,)\Q

+4/1— a% sinAgsinfgcosfp, /1 — a;0K+ Q. cos¢isinfzsin(Aco 4+ + ¢2)cosbs + —0 +

— - - o . 1 A 2 Z"(A3) K (61,01) B,
—4/1 — af sinAgsinfgcosby \/l — Qg+ \/1 —aj apﬂ_cos9151n¢1s1n(AEOK+ + ¢2)sinfzsin(A, o + ¢3) 0 0
+4/1— a% sinAgsinfgcosf \/1 — aéOK+ \/1 — aiﬂo a,, — cosf1sing;cosfzcos(Ago 4+ + @2)sinfzcos(A, o + ¢3) 2 = _> A(A‘l) Uy (92 )¢2) CA4
+4/1— ag sinAgsinfgcosf \/1 — a;0K+ \/1 — aiﬂo . — cos@1cos(A-o 4+ + ¢2)sinfzsin(A, o + ¢3) 3 A —) p(AS) 7‘(‘_ (93 ,¢3) ,D)‘S

:

+4/1 — cx% sinAgsinfgcosf \/1 — 0250K+ \/1 — aiﬂo a,, — cos¢cosblasin(Aco 4+ + ¢P2)sinfzcos(A, o + ¢3),
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Charm baryon decays at BESI
+ . =0p+
Decay asymmetry for A7 — ="K

Physical Boundary

e Roundny pmmaamag - - << cmne e e anees
- + T A
- ) o (BESIII) & BF(PDG)
-> Decay asymmetry results: " o Korner(1992), CCQM
0.5—" )Z(u(1992), Pol.e
# Ozoge = UOTEO 104, £0.034 CET lemmdemccon
oo AEOK"' = 3.84 *+ O°9OStat. T 0'17syst. rad glll 0“_ - . v i - | X : *'.:m
s Paogr = — 0.64 069, *+0.13 : o
“ ﬂ:'OK_l_ stat. Syst. O Sharma(1999), CA
—_ O Geng(2019), SU3)
@ VEok+ = T 0.77% 0.5 8stat. +0.1 1syst. 0.5, Zou2020), ca
o _ _ o Zhong(2022), SUG3)’
- QOxog+ IS IN good agreement with zero -V Zhong(2022), SUG)

| | l | | | I | | | l |

2 4 6 8
Branching Fraction(x10'3)

= strong identification for theoretical predictions

|
cn—;

> Especially, cos(ép — 0,) is measured to close to zero = not considered in previous literature
% Two solutions: 0, — 0; = — 1.55 £ 0.25y, £ 0.054 or 1.59 £ 0.25y,, + 0.05

Syst.
I = B(A; — E°K™) _ 1Pl (mAi + mao)” — miﬁ* A2 (mAgf — mizo)? — m%{+ B|?
=R B 2 |4 2 1 B|”|,
'ad " e, At
2k| A||Blcos(S, — 5,)  DWave P-wave
o= = :
ST AP+ R BPR
2| A||B|sin(d, — ds) Phase difference between S- and P-wave
A=o g+ = arctan AP — 12| B ,

> Fill the long-standing puzzle on how to model o+ and B(AF — EK™) simultaneously
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BEACH2024 Charm baryon decays at BESIII

First observatlon of A+ — NTT 7Z'O ng r T nK_iz T

Chin. Phys. C 47, 023001 (2023).

] AF = nxtn’ AR AF Y Al A > nK -
—4— Data [
| (a) -  —4=— Data (b) - (C) —$= Data
| = Total fit — Total fi B
o o 1.90 O oere  7.80 00 2100 e
S 150 Aan noo U — —— Chebyshev e - — Chebyshey
> [p— chz Tt ~ | comb. BKG S - comb. BKG
Q — = A\, BKG % O -
> - — Chebyshev S - S 150 -
Q B com. BKG = 40 = :
< 1001~ P - P -
2 L N 2 [ % 100 [~
E‘: _ \ o < L
2 50 14// 2 20— L%) -
aa - //] \ - B 50 —
- /7 —
e =—:¥.:_:i;7/—.-_._\.~._‘.:_ t I "
- 3 1 OF — O
S : Yasgegt, . = : bttt err bbb bee e biied 5 0 o tegerivitiaiagiiiiitpian ity
0.8 0.9 1 1.1 1.2 1.3 0.85 0.9 0.95 1 0.85 0.9 0.95 1 1.05
M (TT0) (GeV/e?) M, (Tw) (GeV/e?) M_. (Kt (GeVic?)

> Two SCS At — natn¥, nxtr~nt decays and one CF A} — nK~nn" decay was firstly observed.

B(NY — prn~rnt)
= Absolute BFs are measured to be = 0.72 £ 0.11 = useful input to test of isospin symmetry

BN — naOzt)
v BN} - nrtn’) = (0.64 £0.09,, *0.02,,,)%

BN} — natn)
BN — nrt)

= 0.7 £ 2.4 = intermediate resonances contributions need to decouple

e

o BN - nnan ") =(0.45x£0.07 syst.) %0
& BAF - nK*rta) = (190 £ 0.08, +0.09, )%

+0.03

stat.

f 935(/\2_ — nannt)
[ BN = oK)

= 0.24 + 0.04 = consistent with | V.,|/| V..| = (0.224 + 0.005)
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Charm baryon decays at BESII
Measu rement Of A;I_ —> anﬂ_l_, anK_I_ Phys. Rev. D 109, 072010 (2024).

B0 A+ nK* Signal LT A 200 10 /_\E_—>Drz‘lt<a§K* Signal
~ IF?.zzta It T o :’:' :.3?53;‘ A rq- Fit result
T it resu | * B . W 1sol ,,I_| B
100 Sig PR \ --- Al bkg 10
~ ---Pﬁaklng bkg  p | » = a~ - = - Non-A. bkg
S - = A, other bkg ' ' a ) S &
o - - Non-A} bkg ’v ‘\" § 100~ = N% S § ol
S 501 ' ' § '{,"' ‘ & 1 E
A s Ll lalerdll Mr) 2 oy gogks )
i ,2 E’ 'l"!""!"!u_u-""hl mumnnalsisialsnnn g Y ;
2 Sideband 5 20 § ﬁeggltl: g
—e— Data = 5 —Non-A! bkg 51
10~  — Non-A! bkg +
e bl T Y VR
07 0.3 0.9 1 1.1 0= 046 048 05 052 054 7 08 09 1 11 =04 o048 o 052 0.54
M2 (GeVZcH) M. (GeV/c?) M2, (GeV?/cH) M_._. (GeVic?)
- Improved measurement of B(A — anﬂ+)
> First evidence of SCS decay A" — nK?KJr (3.70) .
_ _ TABLE VL. Comparisons of the BFs of A} — nKaz' and
| 1D B(pK~7t) + BmKz") — B(pK°7") A} — nK3K" between experimental measurements and theo-
> | O = 2B(p K070) = 0.88 £0.05 retical predictions.
< Isospin triplet IV is important = violation of factorization scheme nK’zt (x1072) nK°K+ (x1074)
5 BnK°r*) — B(pK n*) 096+ 0.03 Geng [33] 0.9 +0.8 59 + 13
5 COS 0 = = - - — e =Y Cen [34] o 11=x+01 31+9
2\/ B(pKnO)RB(pK-nt) + B(nKzx+) — B(pKOnY)) Previous result [7] |  3.64 £0.50 | E
This work (\

372£0.16

% Useful experimental input for daynamical method

- Tension with SU(3) flavor symmetry prediction
A — anirJ“: SU(3) predictions are 3-4 times smaller than BESIII = resonance states? High-wave contributions?

7/
%?

Improved by a factor of 2.8

A} — nKJK*: measured BF is lower than prediction 2-4¢

R/
%®
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BEACH2024 Charm baryon decays at BESIII

Measurement of AT — 11X b R D 108, LOSTHO1 (2025)

Physics motivation and experimental challenge:
% Previous estimation from CLEO with large uncertainty:

BN — nX) ~ BN - pX) = (50 £ 16) %
Direction of searches for unkown channels

Investigation of isospin symmetry between inclusive proton and inclusive neutron
% Annihilation betwee n and material in EMC results in a larger energy deposition

Extropolate to AT — nX assuming negligible CPV

600lllllIIlllllIlIllllIIIlllllllIllllIIlll
n n n n n — - -
I I I I I I - -
5 O O ]
B2 A, —nX
f— C —
[ [ ] — [ ] [ ] — — .
> - AZA. back d -
- nm N m N groun
O O ~
el y
400 1 ; &3 g background -
000000070 %0 00 %0 %0 %0 %0 %0 20 %0 20 %4 %0 20 20 %0 20 20 %0 %0 o
[~ e e e e e e e e te e te e te e te e te e te e te e -
- . e tete e tete e tete e tete e tete e tete e te e e ted-*:
Q50R3ERRILRRIRRRRIRRIRRKKS -
- 2505050505 — -
2525R50505R5X5RRICRELRRIRRRRRS
o POC5R05RC5RCIRIIRILRILRIIRIRIRIERIRIRS
- DRI RRARANIRRARANHRK mum —> ﬁ -
BRI RAIRANHRHHRHNHRKNN] c .
— — POXHXHRARRHHRIRRHXHKHRIRRXHXHHXRRHXHKHXRN] —
Lo te e te e e te e tete e tetete e tetetete e tete e tetedetet
— BR300 IRARIRRIHHIINKS
~— 202002 -
QR RN
— — n n BRO0C5R005CIRIICIRLIIRIIRLRIRIRIRRRRKS
— PO2I0RS0RRIRILRIIRIRIRIRIRIRIIRIKS -
p) 252525052522
Ore e e e tete e tete e tete e tete e te e e tete e te e tetete tetete e
— - BRI RRRARIRARHNRRNRS -
— 0 o ¢ SRR X R RRHRRHRRHKRKY
[ ) — [ ) — [ ) s — :.:.:.:.:.:.:0:.:.:’:.:.:.:. —
RRERRRRIRRIR TR
b d D) [ o000 2000 2020 20 %0 2020 20 %0 2 e %0 % o %! I
252505R5LRLRIRIRIRIERRKNA
— e te e e te e e tete e tete e tetele e -
QRRRRHRARHRRHIRHRRKK
o tete e teteleteteleteteletete e teted -
— oo tete e tetetetete e te e e te et
e teretetetetetetetetetetetetetetetete
- - - - - 2505R5C5RRELRRIRRIRRIRRNM
— AR RRHRHRANRAXKARH K -
RIS
W X u IV WI u I I I u O —_ SRS RSN o ]
-
—
I I l -

Asymmetry between B(A" — nX) and B(A — pX) is observed.

n deposited energy distribution is consistent between
data and MC after using data-driven method
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Charm baryon decays at BESIII

BEACH2024

JHEP 12, 033 (2022).

PWA for AT — Ax*z’

-> First PWA analysis for charm baryon at BESII!

“ Using advanced PWA technique TF-PWA, based on helicity amplitude ﬁ/(:} S P
-> About 10K events survived which purity is larger than 80% A e Angff jjff’{: e s X
. : i u | u E: C | S - u :
-> FFs and decay asymmetries of AT — Ap, X(1385)rx are extracted; '« >« & « >« e
: a) a (b , (c) -
----------:-.--.-.--.-.--.-.--.-. NOn-faCtOrlzable : ° oo
The definition of decay asymmetry : g ot ‘ T o
CIHG B, HE R 9 O U B 2
AT = [t [P [H, P [HE P ] B I o (g7 R S "V P S
b2m(dy oy oy dy) VS R(dy Ay ey ay) o IR IR g R g 3 v ———— w————— :
i 9 32 +197 197 5P+ g T U S

@1000 i + gi@igmund o= & Process Magnitude Phase ¢ (rad) FF (%) Significance
2 " — Total fi J - N~ L
> L Ap(TI0) > 400/ > 4001 | Ap(770)t 1.0 (ixed) 0.0 (ixed)  57.2+4.2 36.90
O _ :g;(—%*gs‘?f\ O - O - %(1385)t7% 0.43+£0.06 —0.23+£0.18 7.18+£0.60 1480
§ _ n%(}6gg)+ § S “ $(1385)%7T 0.37+0.07 2.84+023 7.92+0.72  16.00
. — '2(1750)* : =) i n

> - — *2(1670) - 2 ! -
g 7507 £ ! = | e 2(1670)%7+  0.414+0.07 2.77+£0.20  2.65+ 0.58 5.20
3 L [ 2 J AT 3 =i I, ¥(1750)T7% 1.75+0.21 —-1.73+0.11  16.6+ 2.2 10.10

0 T 0 B Ty — 2 . »(1750)%7+ 1.83+0.21 1.34+0.11  17.5+2.3 10.20

04 06 08 1 12 2 L ' o (GeVe? ‘ A+ NR,- 4.05+047 216+0.13 29.7+45 1050
M. (GeV/c?) M,,.(GeV/c?) o (GeV/c?)
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BEACH2024 Charm baryon decays at BESIII

PWA for AT — Ax*z’

Result
B(AT —Ap(770)1) n n
B(Aj—>K7r+7r0) (67.2+4.24+4.9)%
B(A} —3(1385)170).B(2(1385)F —Ant
S B(?/\j —>) A7r(+7EO) s ) (718 +0.60 = 064)% Theoretical calculation This work PDG
2 + — Ap(770)") | 4.8140.58 [13] 4.0 [14, 15] 4.06 £ 0.52 <6
B(AT —3%(1385)07+)-B((1385)%—s AxO) N N 10 x B(AZ — Ap
B(AT = An+70) (7.9240.72 4 0.80)% 10 x B(AS — £(1385)" %) | 2.8 £0.4 [16] 2.2 4 0.4 [17] 5.86 % 0.80 -
B(AF — Ap(770)T) (4.06 + 0.30 & 0.35 £ 0.23) X 102 103 x B(AF — £(1385)%7%) | 2.8 +£0.4 [16] 2.2 4+ 0.4 [17] 6.47 £ 0.96 .
B(A+ — %(1385) +7T0) (5.86 + 0.49 4 0.52 & 0.35) x 10-3 QLA p(770)+ —0.2740.04 [13] —0.32 [14, 15] | —0.763 £0.070 | —
: - Y AT e s _3 ('53(1385) 0 —0.911375 [17] —0.917 +£0.089 | —
B(Ac — 2(1385) ™ ) (6.47 + 0.59 4+ 0.66 * 0.38) X 10 05 (1385)0 7+ —O.911L8:‘118 17] _0.79 + 0.11 o
QA p(770)+ —0.763 = 0.053 £ 0.045
02(1385)+7r0 —0.917 £ 0.069 &= 0.056
a2(1385)0w+ —0.789 £ 0.098 £ 0.056

-> NO theoretical models is able to explain both BFs and decay asymmetries simultaneously.

-> Fruitful results are extracted which provide crucial input to extend the understanding of dynamics of
charmed baryon hadronic decays.
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Measurements of AT — hyperon + kaon + pions

: : I +.0 T : + — K+t Phys. Rev. D 109, 032003 (2024).
First observation of A, — AK 7" 5.70 First observation of A’ _()D? K rn™ 5.40 Phys. Rev. D 109, L071103 (2024).

Phys. Rev. D 109, 052001 (2024).

(—
<

| ITTTTW
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e
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22 >3 >a 0.9 1 1.1 1.2
M. (GeV/c?) M..(K" 7" 7™ )(GeV/c?)

First evidence of A7 — AK* 777~ 3.1¢0 First observation of At — Z°K*7Y 8.60
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BEACH2024 Charm baryon decays at BESIII

Other ongoing analysis
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Roadmap of charm baryon physics at BESIII

-> SL: search for more CF A(*)eJ’ye and CS N (*)e+ve decays
o N > Xn7eTv, X nte, aneJ“ve
@ AN > nev,pnTetu,

- Final-state involving KB: Kg — Kg asymmetry
v AY = pK?, pKPn', pK)nt ™

-> Decay asymmetry and polarization:
& Aj — pK O Art, X0+ >tzY

-> PWA: extraction of intermediate state in three-body decays
o AT - pKtnm, pKn®, nKdn*, pKTK=(¢)
o AF = Antn, 202t Ztntn, 2t at

-> Two-body BF: increasing dataset & improved technique

» AF - Xty Xty pa’, pn’

- Multi-body BF: 'Comming soon|
. + 0+ 0+ 1y yOprOp+ =0pO0p+ —m—p+. + ‘ &
=> |Inclusive: -

e AF — pX,nX,K{X, AX
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BEACH2024 Charm baryon decays at BESIII

Summary & outlook
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Charm baryon decays at BESIII

Proposal of BEPCIl upgrade
_ (BEPCII-U) i
g | BEPCII & o \¢\. 3
2 6x10%} \ @
-> BEPCII-U plans to be completed before 2025 g | 2 ..y;; e
= 4x10%2| 2%
. . . . S [ ~9,
=> Improved luminosity by 3 times higher than current BEPCIl at 4.7 GeV = | . ) N
_ P
- Extended the maximum energy to 5.6 GeV L -
7/ . Ecm (GeV)
% Energy thresholds: = HEE S
L te— 5 °Ele S | I R Nearly blank at 5-7GeV =~
o e e — AC ZC 474 GeV "cd: +3~ H = KEDR :
_|_ —_— _|__ Fﬁ =~ 4 _L ....................................................................... ; -------------------------------------- l:
» eTe” > N2 1 4.88GeV NN g 11 LD :
cC QL O 3P l ------ l ------------- /A 1 e PR
+ — ~ O o :g ! t+l* ,.ré | g
w e e — Z“cz“c 491 GeV F © > lji‘”_f?..?l.‘ff ...... 2‘!{’.?.‘.’4?.#.5’..#.".‘[? ...... L 00 R
4+ — — = Y, o | cR&c
» etem - EE. 494GeV & g
+,— 000 e 4 6
e ete” —» QQ 540GeV Ns (GeV)
Energy Physics motivations Current data Expected final data Tc/ Ty j
1.8-2.0 GeV R values Nucleon cross-sections N/A 0.1 fb ' (fine scan) 60/50 days =
] 2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points) 250/180 days 4 - 95~5 - 6 Gev: new energy cove rage Of B E PCI I'U
-> B E S I I I W h |te pape - J/y peak Light hadron & Glueball J/y decays 3.2 fb™' (10 billion) 3.2 fb ' (10 billion) N/A
¥(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5 fb ' (3.0 billion) 150/90 days
W(3770) peak D°/D* decays 29fb 20.0 b’ 610/360 days
3.8-4.6 GeV R values XyZ/Open charm Fine scan (105 energy points) No requirement N/A
4.180 GeV D; decay XyZ/Open charm 3216 6fb 140/50 days
4.0-4.6Gev XYZ /OPeg cflz}rm EIigher charmpfni»a Cl‘OSSjeCtionS : 71§.O fb ' at different vs N fb;fa’ti ffrggt . 310 d
4.6 -4.9 GeV "( Charmed baryon/XYZ cross-sections 15 fb " at different Vs l490/t;00 days
4.74 GeV .i\ T+ A_ cross-section N/A 1.0fb" 100/40 days
4.91 GeV ¥.Z. cross-section N/A 1.0fb" 120/50 days
4.95 GeV i

Xudong Yu (Peking University)
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BEACH2024 Charm baryon decays at BESIII

Summary & outlook

SESI

- BEPCII energy upgrade during 2020-2021 has improved the BESIII capability in AZF physics by
accumulating more statistics at different energy points and pose opportunity to study Azf
production and decays.

- BESIII has been playing significant role in studying A decay.

- Fruitful A physics results have been published during 2022-2024.

Thanks for Yyour attention!
-> More physics results coming soon

-> Larger data samples will be collected at BESIII after BEPCII-U
(3x luminosity and energy up to 5.6 GeV)
= more physics opportunities in charm baryon phyiscs
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Measurement of AZF —> pﬂo, P

> DT method, reconstructed by yy channel, simultaneous fit to M1§(T: and Mgé"

> BN — pr’) = (1.56J_r8:g§

> BN - nat)I BN — pr’) =3.2%77

% Consistent with majority of phenomenological predictions

+ (0.20) X 10~ (3.76) = first evidence
« Result distinctly exceeds the upper limit measured by Belle ( < 8.0 X 107°)

Charm baryon decays at BESIII

Phys. Rev. D 109, L091101 (2024)

% 2D plot shows the importance of considering ©(15) which indicates the non-

factorizable contribution

> BN = pn) =(1.63+031,, +0.11
= consistent with previous results

syst.) X 10_3

Xudong Yu (Peking University)

Events / (8.0 MeV/c?)

15}

10+

Charm baryon decays at BESIII

— +4.0
Npno = 8.87373
& -4~ Data ",“-\15 n -4~ Data
§ 10 B (a) — - Signal § i (b) — - Signal
Q i Inclusive hadronic Q - Inclusive hadronic
2 [ baf_kground 2 10 - baf!(ground
S i - AYA, background S i == A!A. background
T 50 T I
2 [ 250 *
= s T
o | J,r| L o {H 1Y
R T N B T
2.2 2.25 2.3 2.32 24 2.2 2.25 2.3 2.355T 24
My (GeVlc? M3 (GeVlc?
s GVIDN =347 +6.6 ae (GEV/ED
P
‘g i -+ D-ata {\540 :_ -+ D.ata
> [ (C) — - Signal > (d) — - Signal
Q L Inclusive hadronic o C Inclusive hadronic
20
S<UT background =30 background
S - - A¥A. background S C == A*A. background
T | 20 F
S10f Pl
5 5101
Q| /] I
3 oo | e S ! L
2.2 2.25 2.3 2.32 24 2.2 . 2.35 24
My (GeV/c?) M3 (GeV/c?)
15— T
Data -
Al —=pa®/ A —pn MC -
Inclusive hadronic MC ~— -
i L i
—
X 10 A
:\ -
S %‘ + 7
+To I X LT e
11 < | W - " S X BESIII Belle's Limit
P ~ 4+ SUQ3) I A SUGID
R S5t SU(3) I m SUQ) O(15)
& 4+ SU(3) broken () SU(3) respected
+ CQM (A) CQM (B)
' - ¢ ¢ PMCA TDA
il -
0.4 0.6 0 2 4 6 8
M,, (GeV/c?) B (Af— pn®) (x10™)
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Measurement of AT — pn, pw

Charm baryon decays at BESIII

JHEP 11, 137 (2023).

B(AL — pn) B(Af — pw)
+ — 0 + — 0 BESIII 1.24 +0.28 + 0.10 [22] —
= ST method,n > yy,n >n"n n-andw > n'n « e - 010520 B
Belle 1.42 4+ 0.05 £ 0.11 [24] | 0.827 £ 0.075 & 0.075 [25]
This paper 1.57 £ 0.11 £ 0.04 1.11 +=0.20 £ 0.07
BN} 1.57 0.1y, *0.04 1073 i
—_ ) p— ( ) Cheng [26] 1.28 —
9 ( C pn ) T ) Stat' T ) SySt' X (>1 OG) Sharma [14] 0.2¢(1.7%) -
RN . Geng [27] 1.251038 —
¢ MOSt preCISe to date SU(3) flavor symmetry Geng [28] 1.30 £ 0.10 —
+ . —3 Hsiao [29] 1.24 4 0.21 —
Hsiao [31] — 1.14 4 0.54
Zhong [32] 1.36%(1.27°) -
Topological diagram method | Hsiao [33] | 1.42 4 0.23¢ (1.47 4 0.28%) —
-> Provide more stringent test for different theoretical models Hoay quark ffective theory | Singer 31 - 036+ 002
— - u > u U > u u > U
"w A—p,, & A-p Q8001 Al—p o
% —+ dat; ; 200 —+ dat:;:c ; —+ g.atlta It At d g d (" AT d g d [’ At c g d 7
S s00f- — fit result é’ — fit result é’ 60- Gl ISt u c Wt u c - u
- signal - sigpadl | nfn-w d }n Jw fPA<: ° }77 d }77 Jw
('; . background (f; - background 3 ....... background c—» o d c—» > o d > d
= > 100 4 w001 # b
= ST+ 4 < £, o (2) (b) (c)
5 5 + E +-i.++#!+## g O e oy o ?.1 > d
B L U > U u u > > U
5 - : ", o=
+ 5 o, ) d —» »— u (P Nhne i | c—» > d P
| R — . — o—— e ned 1 = AC< d Ac< U AT
2.26 2.28 2.3 2.32 2.34 2.26 2.28 2.3 2.32 2.34 0 J o SR N n 7 C c <:: U
M, (GeV/c?) M. . (GeVic?) 2.25 2 2 v % <3 § T y
BC MBC (GeV/c ) c—>» > d }n/w d—» > u }n/w u > u }n/w
(d) (e) (f)
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BEACH2024 Charm baryon decays at BESIII

+ / Phys. Rev. D 106, 072002 (2023
Measurement of A — pn o RODIOOOTHRQIZ). i
:_+Data "
- DT method, reconstructed by '’ = z*r nand n7 7"y O F - signa @
g BacEground
A A, background

. _|_ — . agn
% For w "7 1n channel, using recoiling # method =3 o3 background

% For 77~y channel, using full reconstruction method

N

IIIIIIIIIIIIIIIIIII

Events / 20 MeV/c2
(@)

-> Absolute branching fraction is measured to be ? fo el L
+ N +2.46 —4 . L e S
BN; — pn') = (5-62_2.04) X 107" with 3.60 0==08 09 095 1 105 LI
. . , . M — (GeV/c?
< Consistent with Belle’s relative measurement wp V)
© onsistent . 3 NG’ wa7) = 43738
% Obviously higher than Constituent quark model prediction. 10 R | |
- ¢ Data (b)
- --- Signal
o 8
TABLE VI. Comparison of the measured branching fraction (in S [ 7 Background
10~%) of AT — p#/ to theoretical predictions and the Belle result. § 6 - m ggﬁ;fﬁ;l;gﬁgnd
< i
AL - pyf f\: 4 - —9—
BESIII 5.62+246 1 0.26 g
Belle [19] 473 +0.97 2
Sharma et al. [41] 4-6 e e R S
Uppal et al. [42] 0.4_2 O B .’6:;%‘“‘3‘. - oo(.).é OO0 o:oo OOON KA OO OO 0.0000 OO O 00.00
Geng et al. [17] 12.213%> M,.., (GeV/c)

The statistics of data is quite limited
Xudong Yu (Peking University) Charm baryon decays at BESIII 5 Jun, 2024
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Charm baryon decays at BESIII

Data-driven method for anti-neutron reconstruction

« Data-driven n reconstruction efficiency

Algorithm 1 Simulation of detection efficiency of the anti-
neutron. Event accepted means that the corresponding event
1s detected for a given set of selection criteria, otherwise that
event 1S lost.

for all events (after preliminary selection criteria) do
Extract the momentum pj; and polar angle cos 6; of anti-
neutron from generator;
Determine detection efficiency of anti-neutron &; accord-
ing to Eq.4;
Generate u; ~ U0, 1) (the uniform distribution over the
unit interval).
if u; < g; then
Anti-neutron has information in EMC, event ac-
cepted.
else
No information of anti-neutron is left in EMC, event
rejected.
end if
end for

Events / 100 MeV

« Data-driven n detector response

Algorithm 2 Simulation of observables for anti-neutron in
EMC, taking E; as an example.

for all anti-neutrons with information in EMC from Algo-
rithm 1 do
Generate u ~ U0, 1) (the uniform distribution over the
unit interval).
Find the inverse of the desired CDF, e.g. E~'(x).
Calculate Ej; by E; = E~'(u).
end for

» Control sample: J/w — pnn~

"""""""""""""""""""""""""""""""""""""""""""""""""""""""" ] L B B
4 Data 700 & 4 Data 3 700 4 Data 3
— &8 A, — X . 600 E & A, — NX E 60():— &8 A, — X E
= AJA, background - . - = A;A, background 3 - = AZA, background 3
., 3 qgbackground g 500 &3 g background 7 v 00 &3 ¢ background
© A, X (Alt) 400 -+ Ry — NX (AlL.) 2 400 F - Ry — NX (Alt)
7] = -
- &} -
5 300 @ 300 F
|m -
200 200
100 100 E
’ s ?5333:-‘:3:-:-: - 0 Cia ” :3%’255;:5&'«5:«‘.—..;" - :‘ 0 - 2 §§§§§§?§$§=~,:-,:¢.. 3
0.5 1 1.5 2 0 20 40 60 80 100 0 20 40 60 80 100
E_(GeV) S (cm?) H_
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BEACH2024 Charm baryon decays at BESIII

Why semi-leptonic decay?

-> Semi-leptonic (SL) decay: good platform to study weak/strong interaction and probe new physics beyond
the Standard Model.

-> Take c(A) — s(A) as an example

1 —
., Differential decay width: d1" = 5 2n)'dD, | A k
¢ mAE[‘

% Helicity amplitude: /#/ = ",

Leptonic current: L,

Leptonic part can be precisely calculatea1 Integrate out W

—

14
Hadronic part is hard to calculate from the first principle, — e\‘\ .
since non-perturbative QCD effect is involved. c s s

quark interaction strength V' — A theory

O

Hadronic current: H# " PR .
\ /’ N\
Weak decay effective Hamiltonian: H ¢ = %VC’; Sy* (1 —ys)cl[vy, (1 —ys)i]
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BEACH2024 Charm baryon decays at BESIII

AT SL decays in theory

-> With the help of effective field theory, hadronic amplitude can be parameterized by Form Factors (FFs)

which are hybrids of on-shell states and off-shell operators.
(A(p2, 52) | Hegel Ac (01, 51)) = (A(p2, 52)|(V — A)|[Ac(P1, S1)) Form factor is a function of transfer momentum q = pq — P>

Hy,(A), = (A(Pz S2) M‘A (P1, 51)> = u(py, s2) [Yuf1(q2) + io ”"m1 “£,(q?) + f3(q2)] u(p;, s1)

Hy (D) = (A2, 52)|Au|Ac (1, 51)) = T2, 52) [yugl(qz) + i0,y 29, (%) +—93(q2)] u(py, 51)

-> Total helicity amplitude: H,a, = H.(Ap)e*(Aw) = [Hy (An) — Hy(Ap)] p€*(Aw) = Hy (ApAdw) — Hy(Ap Ay )
% 6 helicity amplitudes:  #v(5.0).# (5.1). Hy (5.£). Ha (5,0). Ha (5. 1). Ha (5 1)
% In the limit of negligible lepton mass, only four of them remained

-> Physical observables:
X Branching Fraction (BF), Lepton Flavor Universality (LFU)

o q - and angular dependent differential decay width, FF, Forward-backward asymmetry (A.p), decay
asymmetry, polarization...

% New physics observables

- Various theoretical prediction: LQCD, HQET, Quark models, Bag model, Sum rules, SU(3), ...

Xudong Yu (Peking University) Charm baryon decays at BESIII 5Jun, 2024 44




BEACH2024 Charm baryon decays at BESIII

AT SL decays in experiment

AT — Ae™ v
N i (b)
-> Before 2019, few Azf SL decay channels were measured 31-14/ //// e
< Before 2005, A;“ — Ae"‘ye studied by ARGUS & CLEO glm ................................................................... gzo—
- AT = Ae'v, observed by ARGUSI, decay asymmetry & FFs measured by CLEOI23.4] S W/ ' 5
C el ) y o ! g ) ///// / = g L
<% Using 587 tb™" data, BESIII reported several absolute BF measurement results o (Gev) 2o e

. BN} = Aetr,) = (3.63 £0.38, +0.20,,,) %"

BN - Aty = (3.49 £ 046, +0.27,) %0 e
- BN} = Xetw,) = (3.95+0.34, £0.09,) %! = 40|
. BN = At BNE = Aety,) = (96 + 16, +4,,) %!°) g
BN = Aet ) BN — Xetr,) = (91.9 £ 12,5, +5.4,) %! Yo
OOI | 10.21 | IO.I4I | 10.161 | 10.8 1

Momentum (GeV/c)

- After 2019, BESIII took new AZ.“/_\C_ data. What we do?
% Precise measurement of golden channel AT — Ae™v,, Au'y,

~ Improve precision (BF, LFU), dynamics study (FF)
% Search for other A" SL decays
Any rooms? 80% or 100%? Much less than D case = improve precision of BF of inclusive decay
Excited state: AT — A*? Cabibbo-suppressed: AT — n?

Phys. Lett. B 269, 234 (1991)

Phys. Lett. B 323, 219 (1994)

Phys. Rev. Lett. 75, 624 (1995)
Phys. Rev. Lett. 94, 191801 (2005)
Phys. Rev. Lett. 115, 221805 (2015)
Phys. Lett. B 767,42 (2017)

Phys. Rev. D 121, 251801 (2018)

N OB WN =

Xudong Yu (Peking University) Charm baryon decays at BESIII 5Jun, 2024 435



BF measurements of AT — Ae™v,

TABLE III. Comparison of B(A — Ae'v,) from theoretical
calculations and our measurement.

‘Constituent quark model (HONR) [9]
Light-front approach [10] 63 |
| Covariant quark model [11] 2.78 |
Relativistic quark model [12] |
Non-relativistic quark model [13]

Light-cone sum rule [14] 3.0+0.3
Lattice QCD [15] 3.80 £0.22
SU(3) [16] 3.6 04
Light-front constituent quark model [17] 3.36 = 0.87

MIT bag model [17]
Light-ifront quark model [18]
_ This Letter &

___
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Four-dimensional fit for A™ — Ae™v,

- z-expansion: FF is q2 dependent, refer to LQCD parameterization

Charm baryon decays at BESIII

< Free parameters: ag and a{
s m :pole mass, m*/t =2.112GeV/c? and m5+5L = 2.460 GeV/c?
¢ pole’ pole pole
KA f and af free parameters
2 mpy = 1.870 GeV/c2 and m, = 0.494 GeV/c?
> Five independent free parameters in the fit; a’-, {i, ry, = f+/agl Iy = fl/agl, ry = a§+/a§i
& Choose a(()gi as the reference
% Setall = af+ and afl = af+

Parameters

a?

1
a{ rf + rf 1 r9+

Values

1.43 £2.09 £0.16

—8.15 £ 1.58 = 0.05

1.75 £ 0.32 £ 0.01 3.62 £ 0.65 £ 0.02 1.13+£0.13 £0.01

Coefficients

a.llh

a{ - rf - rf 1 r9+

- Four-dimensional fit to events within —0.06 < U ... < 0.06 =

% Normalization using BF: a;* = 0.54 + 0.04,,, + 0.01

—-0.64

—0.40
—-0.33
—-0.07

-0.09
0.39

-0.83
0.53
—-0.67

0.57

—-0.66
0.62
—-0.79

0.60
—-0.63

Charm baryon decays at BESIII
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Comparison with theoretical calculations for A7 — Au™v,

TABLE I. Comparisons of B(A7 — Au*v,) (in %), (@ ), (Afp), and (Apg) from theories and measurement.

B(AS = Apty,) (an,) (Afs) (Afg)
CoMpo @] 087 02 021
RQM [21 3.14 —0.86 —0.209 —0.242
CQOM(HONR) [49 4.25
NRQM [50] 3.72
HBM [24] 3.67 &+ 0.23 —0.826 ~0.176(5) —0.143(6)
LQCD [28] 3.69 & 0.22 —0.874(10) —0.201(6) ~0.169(7)
LCSR [51] 3.0 £ 0.3
SU(3) [25] 3.6 + 0.4 —0.86(4)
LFCQM [27] 3.21 4 0.85 ~0.97(3)
MBM [27] 3.38 —0.83
LFQM [22] 3.90 4+ 0.73 —0.87(9)
LECQM [26] 3.40 & 1.02 ~0.97(3)
SU(3) [52] 3.45 £ 0.30
This work 3.48 +0.17 —0.94(8) —0.24(3) —0.22(4)

> BN - A,u+1/ﬂ): Disfavor Refs. [20,49] based on CQM at a confidence level of more than 95%

-> Decay asymmetry: consistent with all theoretical prediction and model-dependent measurement by CLEO
-> Lepton forward-backward asymmetry: clearly differ from Ref. [22] based on LFQM
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FF measurement and New physics search in AT — Al™y,

. . d'T »)E ,
- Partial deCay width for A;I_ — Al+1/l dg*dcos0,dcos0,dy {g(l = c0s 0)*|Hy [*(1 + a cos 6,)
% Considering lepton mass term 42 (1 + cos O, PIH 4 [2(1 - ay cos,)
Y/ = IO o 35020, [H (1 + @y 0050,) + H_p (1 = ayc0s0,)] + -~ aycosy s sind)

HV/A 0+/q *f+/9+(q )(MA +M,),

HV/A 0./9%f0/90(q*) (M, F My),

-> New physics search: T asymmetry parameter 7,

(2= DI = J2)d005 6,1 o

T

< Consistent with zero as predicted from the SM P a I

- T : .. + +

% No indication of new physics in AT — Al™v, decays T,(Af = Aetw,) = —0.021 + 0.041y = 0.0014,q
Tp(AZ!— —> A//l—i_ylu) — 0.068 1 O.O555tat 1 0.0ozsyst
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FIG. 4. PID efficiencies as a function of momentum used to populate the Ap;p matrices.
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Charm baryon decays at BESIII

TABLE L

Positron yield in data after each procedure. The listed
uncertainties are statistical.

Correction (see text) RS yields WS yields
Observed yields 3706 £ 71 394 + 31
PID unfolding yields 3865 £ 80 376 £ 33
WS subtraction 3489 + 87
Tracking unfolding yields 4333 + 107
Extrapolation 4692 + 117
-b- RS e yields 10000 o0~ -~ RS 7 yields
- WS e yields O - WS 7 yields
% 400 = ’(:>‘+M % ~O=
3 O S -On
8 3 a’s 8 —Ome
S *.8 a’s S 5000 =~ o
& = &
S 200 5 ~o- "O*_O_
> > -~
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FIG. 3. Measured RS (blue) and WS (red) yields for each particle category as a function of momentum.
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1 + . —,+ 0, —,+
Background Study for A7 - Ax"n"e v, & pKin~e™y,

-> Tight PID requirement to generally improve PID ability
% Valid e EMC hit information
< Tight Prob(e)/[Prob(e)+Prob(xz)+Prob(K)] requirement

-> y-conversion background
o A;I_ —> A]T_I_]TO, Zoﬂ_l_ﬂo(pKSOﬂOapKSOn)a 7[0/;/] — Yy
< Under the action of the nucleus, y converts into electron-positron pair
< Require a large angle between ¢ and

> Antrxt(pKJn~ ) background
20 Veto My o (M, k07-o()+), Where e(7)™ means that M, is replaced by M_,

> Miss-z(¥) background
» AY = Antw/n,wln — ntn 1’ or 20t at, TV — YA,
AF — pKdn,n — ntx n’orn —> yete”

< Require a large angle between P

miss and the most energetic shower
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Charm baryon decays at BESII
ULs determination for AY — Aztn~e™u,, pKin~ety,

L =P(N°|N*". B+ Npre1 + Npke2)
. g(Nefleinter . NST . g5i8 Binter . NST . gsig . o)
- P(Ngjg1 | Nbkg1/7)

MC MC
¥ Q(kagz |kag2 ) Gbkg2)°

- Profile likelihood method

-> The backgrounds separated into two categories:
< Non- A;" background, denoted as bkg1 = Estimated by data sideband region

D A;'f background, denoted as bng = Estimated by MC simulation

- The observed events N°° follows a Poisson distribution(°)
ol NObS ~ :@(N()bs ‘Nsig + kagl + kagZ)

- The signal event number N, = %, - B - N>T . g8i8 = Bio - Nett
ol ]\]eff ~ ?(Neff‘ @inter 0 NST 0 gSig, %inter o NST o gSig o 0) = Rely on systematic uncertainty study
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Charm baryon decays at BESII
Measurement of A;l_ —> AK_I_]Z'O, AK_I_][_I_][_ Phys. Rev. D 109, 032003 (2024).

400 First observation 5.7«

-> Two SCS decays, measurement relative to CF channels

—~ 350 —4— Data
g —ren,
Q + O+
=3 ARGUS bakground BN — AK*70) ,
E‘L -.-.» Un-matched background 9 — (2.09 i 0.39Stat i O,O7Syst) X 1()_
g Y t* BN - Artrl) ' ’
£ 100
z . *‘%ﬁg " BNT - AK"n"n™) 5

o A 5 . — = (1.13£041, *+ ().()6Syst.) X 10

2.2 2.3 2.4 Kk (A;" — Antn—n )

M, (GeV/c?)
1200 Firstevidence 3.16 ] - Taken BFs of reference channel from PDG

—~ - b —4— Data - B
O —ran 1 5 B(AS = AKT7®) = (149 £0.27, £ 0.05,, £0.08,,) x 1073

80 - i 41,0 ]
s f Nl rcus oo 1 < Deviate from SU(3) predictions by more than 3¢
— 60 , ....- Un-matched background - _ _
s , TR Y 5 BNF > AKTrtrT) = (413 £ 1,48, +0.20,, +0.33,;) x 1077
§ 20 { 2 + ; _ % Consistent with upper limit measured by BABAR

2.2 2.3 2.4

M. (GeV/c?)
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Charm baryon decays at BESIII

Phys. Rev. D 109, L0O71103 (2024).

Measurementof AT — X K"z

SR P S St > First observation (5.46) of AT — Z~K*z™ which is the simplest
d A SCS decay with 2.~ directly in the final state
At W] Ao d (e
< ’z —> Absolute BF is measured to be
u . gu_-K U . u}K %(Aj — Z_K+7T+) — (38 + I.ZStat. + O°2syst.) X 10_4
(a) (b)

G0 BNT - XK n™) ,
> N = (2.03£0.73) % ~ (0.4 £0.1)s
S0 TR RB(NF - Z—ntrnt)
3 IH | T < Indicate non-factorization contribution is important or large SU(3)
é’m_li l : % flavor symmetry breaking effect here

0.9 1 1.1 1.2
M. (K*nt 2™ )(GeV/c?)

~10°

Events / ( 10.0 MeV/c?
=

-—t+— Data —— Signal

BRPEPE A;— ZK't*

_-----Background
A¥A-bkg

i

e A

12 125 13 135 14
M, .(K*n")(GeV/c?)

p— N W NN ¥,
o o O

O

Events / ( 15.5 MeV/c?)

O

S

At— ZK* (d)
- — - Background
o @ Three-body A;— ZK'nt
3 tﬁ ;’iﬁm
e el o "

15 155 1.6 165 17 175
M. (K")(GeV/c?)

Xudong Yu (Peking University)

-> Byproduct:

» BN} - B K*r*) = (174 £0.76,, +0.54,,,) % 107
s BN = E(1530)°K*) = (5.03 £0.77,,, =0.20,,.) x 1073

N/

% Consistent with previous measurement

sta SYS

Charm baryon decays at BESII 5Jun, 2024 54



BEACH2024

Measurement of A

Charm baryon decays at BESIII

Phys. Rev. D 109, 052001 (2024).

- Tag — Tag
ete” — ATAT ., g+ — ATAL
|__, T[O . T[O \_E
— 70— — TTO "‘O‘|
] " :
— 0 E ¢ Data 30 — ¢ Data
- '\é 60 :_ qq hld\gmund ..... At— =K? l E ..... Al— Z°K*n® qq blckg.rnund
> - #52 AIA. background e > — . 1 S5 ATA, background
/\+ é) 50 - At =K+ (1 mismatch) Background L : Background A= =K+ (r° mismatch)
C - A= ZK* (° mismatch) {{ o nt mismatch > 20 — e nt" mismatch s A= ZK* (n° mismatch)
) 40 cn $
K* 2, ‘*
Z 30 g =
10 = ‘f’?i?}:_.*E'f;:-:,:-:-:-:Z:E:E:T:?:i;:'ﬁrf-’::‘,:-:~
_-(. : 2otete’e% ; -:';‘ ;.:.r xx ,'J":’:_:Ss);”.:. e,
0 w LR o2 . ‘lr‘:{"_l = J'.Pﬁ. } R T 2 () " ‘ > P - :.‘ .:'...::.'...".."4::\._. 2 b s
0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1 1.1 1.2 1.3 1.4 1.5 1.6
Cat-1 STy +.+0 ) Cat-2 STy +
ML ASTK*10) (GeV/e?) MS2(ASTK ) (GeV/e?)

> CFdecay AT — 2K * 7' is observed with significance 8.6¢

TABLE IX. The comparison between the measurement and theoretical predictions (x10~%). The first and the second uncertainties are
statistical and systematic, respectively.

+ '-'O +O— _3 + o m 0 g+ + _ =Og+.0 + _ s0g+ 0 + AR+ A0 + _ p Kt a0
%(AC — =K1 ) — (779 + 1'46stat. =+ 0‘958}/8'[.) X 10 | A} - B(1530)°K Af > BK*20  Af > K2 Af > AKTR®  AF - nK'x
This measurement 5.99 +1.04 £0.32 7.79 £ 1.46 £0.95 <1.8 <2.0 <0.71
< Smaller than SU(3) flavor symmetry prediction Jan-Yong Cen et . 24 . 2 07402 35105 00540006
B(previous results) [48] 5.02 +0.99 4+ 0.31 e e e e
> Extract Z(1530)" in 2029
+ 0+ — -3
BN} — 2(1530)°K) = (5.99 £ 104, +0.32,,) X 10
% Consistent with previous measurement
> Search for SCS AT — AK'7Y, X°K* 7" decays and DCS At — nK*7" decay
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