Charm baryon decays at BESIII
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Al the lightest charmed baryon spectroscopy D s

@ Most of charmed baryons will eventually decay to A @
hig

@ AF: one of important tagging hadrons in c¢-quark counting in the productions at
energy experiment

74

@ Also important input to Ay (including Ezr;r) physics as Ay, decay preferentially to AZ
— Important input to B physics and V,;; calculations

[} Aé’ may provide more powerful test on internal dynamics than D/D; does!
@ Naive quark model picture:
Heavy quark (¢) with an unexcited spin-zero diquark (u — d). Diquark correlation is

enhanced by weak Color Magnetic Interaction with a heavy quark (HQET)
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Charm baryon decays

[ChinJPhys78(2022)324][ZPhysC55(1992)659]
@ Contrary to charmed mesons, W-exchange contribution is important

— No color suppression and helicity suppression
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@ Phenomenology goal: explain data and predict important observables

@ Calculation (what we can: HQET, factorization) + parametrization (what we cannot)
+ measurement (some non-factorization processes)
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Data taking at A pair threshold

@ Unique measurement using threshold pair-production via ete™ annihilation @
— simple and straightforward
@ Double-tag method

e Lower background and kinematic relation to constrain missing particle
e Cancellation of most systematic uncertainties in tag side

@ BESIII energy upgrades:
4.6 GeV (Phase I, 2014)

@ 2014: First time to systematically study
CB at threshold
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Data taking at A pair threshold B

@ Unique measurement using threshold pair-production via ete™ annihilation @
— simple and straightforward

@ Double-tag method

e Lower background and kinematic relation to constrain missing particle
e Cancellation of most systematic uncertainties in tag side

@ BESIII energy upgrades:
4.6 GeV (Phase I, 2014) — 4.6-4.95 GeV (Phase II, 2019-2021)

[CPC46(2022)113003]

@ 2014: First time to systematically study = n =T
CB at threshold 1400 II - 2000200
@ 2019-2021: ~5.85/fb

1200 II
e Improvement of precision of AJ decay 1000
=
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Data taking at A pair threshold B

@ Unique measurement using threshold pair-production via ete™ annihilation @
— simple and straightforward

@ Double-tag method

e Lower background and kinematic relation to constrain missing particle
e Cancellation of most systematic uncertainties in tag side

@ BESIII energy upgrades:
4.6 GeV (Phase I, 2014) — 4.6-4.95 GeV (Phase II, 2019-2021) — up to 5.6 GeV
(Phase III, planned in 2024+)

[CPC46(2022)113003]

@ 2014: First time to systematically study = n =T
CB at threshold 1400 II - 2000200
@ 2019-2021: ~5.85/fb

1200 II
e Improvement of precision of AL decay = 1om
=
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Tag technique

@ Single Tag (ST):
e AE=E,; — Eyeam
e beam-constrained mass
— 2 g
Mpc = Ebeam - |pA:r|2

@ Double Tag (DT):
e kinematic variable to obtain
neutrino information

o
Umiss = Limiss — Clpmiss|

@ Branching fraction:

B = Npr est
Nsr epr

@ Full reconstruction of ST CBD by hadronic decays with large B

@ Allow to access absolute Bs and decay dynamics
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A} decay modes

Hadronic mode
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7.02+£0.35
6.26 + 0.29
4.48 £0.23
4.45£0.28
3.62 4+ 0.26
3.5+04
1.96 = 0.12
1.59 £ 0.07
1.6+ 0.11
1.29+0.05
1.27 + 0.06
1.25+0.09
1.10£0.30

0.46 £0.03 __J

@

‘ Semileptonic mode | B[%] poczo2s)

1] Aetr, 3.56 +0.13
2 | Apto, 3.5+0.5
3 | A(1520)e v, 0.10 £ 0.05

~40%
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‘ Semileptonic decay modes

electron- &
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Semileptonic baryon decay

@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (p;, m;) + 7(p5,;,0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

10 q” (

v FY (4®) + F5*(a®)vs)
1

(Ba(p2)|JY T4 B1(p1)) =t(p2) [vu(FY (¢°) + Fi*(a*)ys) +

+ L (Y () + PR )| uln)
1

where gy = (p1 — p2)u
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Semileptonic baryon decay

@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (p;, m;) + 7(p5,;,0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

(Ba(p2)|7Y T4 |B1(p1)) =t(p2) [vu(FY () + Fi*(¢*)vs) + %(sz(f) + F5' (¢%)vs)
+ I @)+ FA) | ulp)
where gy = (p1 — p2)u
@ For By — Bae i, at O(%) - 0= Fy*¢?) =0
@ Hyyny = (HY,ny, + Hi ) with (A2 = £1/2 Ay = £,0, 1) HXQ";W = H;’égW(FX,QA(qz))
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A

<5

Semileptonic baryon decay

|
@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (p;, m;) + 7(p5,;,0) @
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

_ i00q”
(Ba(p2)|7Y T4 |B1(p1)) =t(p2) [vu(FY () + Fi*(¢*)vs) + ]‘\}7"1(&‘/(42) + F5' (¢%)vs)
vy 2 A, 2
+M(F3 (@) + F57(a%)vs) | ulp1)
where ¢, = (p1 —p2)u
2
® For Bi — Bye 7 at O55) =0 = FY (%) =0
@ Hayny = (HX,ny, +HS s, ) with (2 = £1/2 0y = £,0,£1): HA = HUA - (F54 (6%)
vector helicity amplitudes axial-vector helicity amplitudes
- M A _ A_M_ g
HY, =/2Q- (-FY - SEEY), HY, = /2Q% (Fft - S Fe),
Q_ 2 Q 2
wYy =5 (MeRY +4nmY ), H = (MR Y,
Q 2 Q_ 2
ny, =/ (M-FY + $FY ), HY, =\ (M4 P + 4P
where Q1 = (M1 + M2)? — ¢ = M3 — ¢2, HZ;;,_AW = j:Hl‘\/z";W
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Form factors (1)

@ Neglecting possible CP-odd weak phase, FF(I~, 7;)=sign FF(IT, 1) @
@ In limit of exact SU(3) symmetry, F3' and F} — 0
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Form factors (1)

@ Neglecting possible CP-odd weak phase, FF(I~, ;)=sign FF(It, ;)
@ In limit of exact SU(3) symmetry, F3' and F} — 0

@ FF parametrization for hyperons [PLB478(2000)417|[EPJC81(2021)226]:

V,A, 2 F4(0) 1 V,A, 2 V,A V,A 2
YA ) = —— o = FPNA) = FA0) [+ +
MY, 1-obx M 4

with rV+4 = 2/m%,A [AnnRevNuclPartSci34(1984)351] [AnnRevNuclPartSci53(2003)39]
e AS =0: my = 0.84 GeV [RivNuovoCim2(1972)241], mg = 1.08 GeV [BNL-24848|
° |AS| =1 my = MK *(892) = 0.89 GGV, MA = MEK*(1270) = 1.27 GeV

My — Mo

Decay B(x10™%) gl (0) gP(0) [MeV] Ref.
A= pe be 8.32(14) 0.718(15) 1.066 177 1,2]
nt = Aetrld] 0.20(05) 0.01(10) 2.4(17) 74 il

E- = Ae T 5.63(31) 0.25(5) 0.085 206 2,3]

o] Since FIE =0, gav and g, are defined as Flv/FlA and F2V/F1A, respectively

[1] PTEP2022 083C01(2022)  [2] AnnRevNuclPartSci53(2003)39  [3] ZPhysC21(1983)1
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Form factors (2)

@ FF parametrization for charm baryons:

[EPJCT76(2016)628] [PRD93(2016)034008] [PRD80(2009)074011] [PRC72(2005)035201]

[Chin.Phys.C42(2018)093101] [PRD40(1989)2944] [PRD40(1989)2955] and many others
@ Relativistic quark model based on quasi-potential approach with QCD-motivated

potential:

1 MNmax
Fi(@®) = ———5—— > anilz(@)"
1- q2/(Mp(;19)2 n=0
Y ey crr _ R
where z(¢%) = Vit with tog = (M1 — M>)
m(FY,) m(FY) m(Ff,) m(F{) My — M
D 7 1,2 3 1,2 3 Ref.

ceay Vit [GeV]  [GeV]  [GeV]  [GeV] [GeV] ¢
AT S MYy, mp +mi 2.11 2.32 2.46 1.97 1.17 1]
2. — Ely, mp, +mg 2.11 2.54 2.54 1.97 1.15 [2]
Ze — Ay mp + mx 2.01 2.42 2.42 1.87 1.35 [2]

[1] [PRL118(2017)082001]

Varvara Batozs!

(2] [EPJCT79(2019)695]

[3] zPhysC21(1983)1
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Form factors (2) <5

@ FF parametrization for charm baryons:
[EPJC76(2016)628] [PRD93(2016)034008] [PRD80(2009)074011] [PRC72(2005)035201]
[Chin.Phys.C42(2018)093101] [PRD40(1989)2944] [PRD40(1989)2955] and many others

@ Relativistic quark model based on quasi-potential approach with QCD-motivated
potential:

1 Mmax

Fi(¢?) = ————5—— > an'[z(d")]"
1- q2/(Mp(;19)2 n=0
Y ey crr B 2
where z(¢%) = Ve with tog = (M1 — M>)
m(FY,) m(FY) m(Ff,) m(F{) My — M
D 7 1,2 3 1,2 3 Ref.
ceay Vit [GeV]  [GeV]  [GeV]  [GeV] [GeV] ¢

AF S ATy, mp +mi 2.11 2.32 2.46 1.97 1.17 [1]
Zc = Ely; mp, + mg 2.11 2.54 2.54 1.97 1.15 (2]
Zc — Aly, mp + mx 2.01 2.42 2.42 1.87 1.35 (2]

[1] [PRL118(2017)082001]  [2] [EPJC79(2019)695]  [3] ZPhysC21(1983)1

@ Differential decay rate:

dF(Bl — Bgll/l)

3 9
G < GRIV e (L= S0P 4 (3= 50 (1) — 4951+ 0%)

with § = (M1 — M2)/M; and FY35* = FV (¢2)
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Study of decay AS — Aetv, (1) $ 2

[PRL115(2015)221805] [PRL129(2022)231803] @
|
l 300 —} data
% %0 % — total fit
o - --s Ao Antyy
= 20 S 200 - Al AR
< S
= = - .- other bkgs
= =
£ 100 3 100f
5 [8a]
HIL7 . o
02 -01 0 01 02 02 01 0 01 02
UIniSS (Gev) Umiss (GEV)
@ Data: 0.567/fb @ 4.6 GeV @ Data: 4.5/fb @ 4.6-4.699 GeV
@ Ngjg = 103.5£10.9 @ Ny = 1253 +39
@ First absolute B measurement: @ Update B and first FFs measurement:
B = (3.63+0.38 £ 0.20)% (~12%) B =(3.56 £0.11 + 0.07)% (~4%)

[Ves| = 0.936 £ 0.0175 4+ 0.0241.cp + 0.007,,

@ Consistent with |Ves| = 0.939/0.972 + 0.038/0.007 using D — Kly; within lo
[PDG2020/PDG2023]
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Study of SL A} decay kinematics

@ Differential decay rate:

da‘r _ GHV.? | P&
dg*dcosfcdcosOydx —  2(2m)t  24MZ

[PRL129(2022)231803]

{g(l — cos@e)21 + aacosty) + g(l + cosbe) (1 — ancoslp)

+ 2311120E | 1+ aacostp) \H_%O\Q 1 — ancosb)))

3 . .
+ ma/\cosxsmé’esmﬁp [(1— COS@e)Jr (1 4 cosbe }
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https://inspirehep.net/literature/2127373
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.082001

Study of SL A} decay kinematics — priizo(022)231509)

@ Differential decay rate:

da‘r _ GHV.? | P&
dg*dcosfcdcosOydx —  2(2m)t  24MZ

{%(1 — cos¢9,5)2 1+ aacosty,) + g(l + COS@e)m(l — ancoslp)
—+ 2311120E | 1+ aacost)) \H_%O\Q 1 — ancosb)))

3
+ ma/\cosxsiné’esinﬁp [(1— COS@e)Jr (1 4 cosbe }

e Helicity amplitudes:
HY, = VI (fu(@®) HE\ = VIR oL (@)
HY, = Va7
fiﬁb:: \/251755

(Ma, + Mjy),
(Ma, — Ma)

Varvara B 4-5/03/2024, Warsaw
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Study of SL A} decay kinematics — priizo(022)231509)
@ Differential decay rate:

da‘r _ GHV.? | P&
dg*dcosfcdcosOydx —  2(2m)t  24MZ

{%(1 — cos@,i)2 1+ aacosty,) + %(1 + COS@e)m(l — ancoslp)

—+ %sinzﬁi\H 1+ aacost)) \H_%O\Q 1 — ancosb)))

3 . .
+ ma/\cosxsm&sm@p [(1— COS@e)Jr (1 4 cosbe }

e Helicity amplitudes:
HY =\2Q-|f - HY\ = V2Qo.(a%)

(MA + May),

e z-expansion for form factor parametrization:

_
f(g*) = Yy (Omﬁole)Q [1+{of)x 2(®)]

@ Used the same in LQCD calculations [PRL118(2017)082001]
@ 5 fitted parameters: af*, a{i-, Tiys T s Tgp
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dT/dg? (ps'GeV?)

DATA: Al— Ae'v,
LQCD: A{—> Ae'v,

I I
00 0.2 0.4

. .
0.6 08
42 (GeV/c4)

f1(¢)

()

< DATA: Al-> Ae'y,
= LQCD: Al A€y,

0.5 1

g% (GeVHch

% (GeVYch

0 0.5 1

0.5
* (GeV¥ch

1

0 0.5
* (GeVYch

@ First direct comparison on dI'/dg? rates and FFs with LQCD calculations

e Discrepancies at high ¢2 for f; and g, and at low ¢2 for fi and g4
e Fair agreement in dI" throughout ¢ region

@ Important inputs in understanding SL CB decays and help to calibrate theor.
calculations

4-5/03/2024, Warsaw
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Study of decay A7 — Ap*v, (1)

[arXiv:2306.02624]

[PLB767(2017)42]

. -} data
. L — total fit
3 % 2001 e Al AT
2 = =-.=non-res bkgs
S = =
S =
2] Z 100f
§ 10— §
) m
02 01 0 0.1 0.2 st
02 01 0 01 02

Uniss (GeV) U . (GeV)
@ Data: 0.567/fb @ 4.6 GeV @ Data: 4.5/fb @ 4.6-4.699 GeV
@ Ngjg =771+114 @ Ny, =752 £31
@ First absolute B measurement: @ Update B and first FFs measurement:

B =(3.49 £0.46 £ 0.27)% (~15%) B=(3.48+0.14 + 0.10)% (~5%)

@ RM® =0.96+0.16 £+ 0.04 @ RHMe =0.98 4+ 0.05 4 0.03 vs. SM: 0.97

[Ves| = 0.937 £0.0145 + 0.0241.gcp £ 0.007,,

@ Most precise measurement with SL CB decays
@ Consistent with |Ves| = 0.972 £ 0.007 using D — Klv; within 1.20 [PDG2023]
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A

Study of decay A} — pK~etv, PN

[PRD106(2022)112010] 3

@ Data: 4.5/fb @ 4.6-4.7 GeV

20f +data
otal it

@ Ngjg =33.5+6.3 e o o
A= pKpty, Lﬂs

@ New observed mode clearly confirms A Pk = oof

[” —other bkgs

i}m

-02 -0.1 00 0.1 02 14 115 116 1‘.7 l‘.S 1.9
B =(0.8840.17 +0.07) - 10~3 (8.20) ] U, (GeV)

‘miss M (GeV/c?)

that SL A} decays are not saturated by
Alty,

Events/0.01 GeV
S

sk

@ To study the internal structure of excited A*:

B(AF — A(1520)[— pK ~]etwe) = (0.23 £0.12 £ 0.02) - 103 (3.30)
B(AF — A(1405)[— pK ~]etve) = (0.42 £ 0.19 £ 0.04) - 103 (3.20)

Lo M A aus20y, —+ dote
- S A AQ0s)ety, — total fit
L e A K e,
B(AF — A(1520)e0,)[x1073]  B(AF — A(1405)ep,)[x107%] ;: e
Constituent quark model 8| 1.01 3.04 < - other bkgs
Molecular state [9] . 0.02 3 —mm AL PR,
Nonrelativistic quark model [10] 0.60 243 S -
Lattice QCD  [12,13] 0.512 = 0.082 - H
0.4240.19+0.04 S
Measurement 1.02£0.52£0.11 BA(405) = pK T o

B(A(1405) — pK ™) is unknown [PDG2020]

1215 16 17
Mk (GeV/c?)

a Batozskaya
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051505
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.054511
https://pdg.lbl.gov/2020/reviews/rpp2020-rev-ckm-matrix.pdf

Study of decay A} — Xetv,

[PRL121(2018)251801]

N @
o =}
T T

Events /(0.1 GeV/c)
n
o
T

0 I I I
0 0.2 0.4 0.6
Momentum (GeV/c)

0.8 1

@ Data: 0.567/fb @ 4.6 GeV

@ Ny =228.0+15.1

Events/(0.05 GeV/c)

=y
=
3

IS
=)
3

S
S
S

[PRD107(2023)052005]

T R T TR R R S
0 01 02 03 04 05 06 07 08 09 1
p (GeV/c)

@ Data: 4.5/fb @ 4.6-4.699 GeV
® Ny, = 3706 £ 71

Result Af = Xetv, [D(AF = Xetw,)/ T(D — XeTv,)]
BESII 2018 3.95 £0.35(~ 9%) 1.26 £0.12

BESIII 2023 4.06+0.13 (~ 3%) 1.28 £ 0.05

MARK II [11] 45+1.7 1.44 +£0.54
Effective-quark method [8.9] 1.67

Heavy-quark expansion [10] 1.2

@ B(AY — Antr—etre) <3.9-
0 B(AY — pKm—etre) < 3.3-

Varvara Batozskaya

10— @90%C.L.
104 @90%C.L.
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https://inspirehep.net/literature/1674528
https://inspirehep.net/literature/2611489
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.48.1515
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.034025
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.014017
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.1310
https://inspirehep.net/literature/2632798

‘ Hadronic decay modes

antiup \ antidown &
< quark R quark

created by particlezoo.net
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A
SN s
StUdy Of deCay A;r — A7T+7TO (1) [JHEP12(2022)033] &)) s
&
w igz}f ‘ Z}f ’ Cg}”+
¢ ’]A A . fﬁ'ﬁct A @ AT — ApT: factorizable (a)
d

d
A:h‘ Z . ‘ }A C] w :/\ and non-factorizable (b-d)
contributions
(a) (b) (c)
L ‘) d “}ww» @ Al — 2(1385)m: pure

"
d d(i) .
At v Cd AF W C:,,(,L) non-factorizable (e)

R contribution

e —] u

(d) (e)

w

@ Previous measurement of B(Ai‘ — A7r+7r0) by BESIII [PRL116(2016)052001] without
intermediate structure study

@ Important inputs to improve theoretical calculations of non-factorizable contributions

@ First BESIII amplitude analysis of CB multi-hadronic decays

@ Use TF-PWA package to construct decay amplitudes
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https://inspirehep.net/literature/2153556
https://inspirehep.net/literature/1406936
https://gitlab.com/jiangyi15/tf-pwa

StUdy Of decay A;r — A7T+7TO (2> [JHEP12(2022)033] @

@ Data: 4.4/fb @ 4.6-4.7 GeV

@ Ngig ~ 10* with purity > 80%

—— Data
{23 Background

1000 Epeie g g
> > 2 400
3 3 8
- e >
@ @ @
g g g
S 500 = =
= TE(1670)" = > 200
= — wE(1750)° = H
2 - 2 :
& 2 , &
004 06 08 1 12 92 14 16 18 2 22 92 14 16 18 2 22
M, (GeVic?) M. (GeVic?) M, (GeVicd)
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https://inspirehep.net/literature/2153556

Study of decay AJ — Artr? (2)
@ Data: 4.4/fb @ 4.6-4.7 GeV
@ Ny ~ 10* with purity > 80%

—— Data

Troo B o T
% % 400~ 2
3 8 T 3
@ @ @
8 s | S
< 500 s S
< kipans) < 200 S
= — m*E(1750)° = r k=1
2 - : 5
m m L m
oLt -
04 06 08 12 92 14 16 18 2 22 02 14 16 18 2 22
M0 (GeVic?) M, (GeVicd) M, (GeV/c?)
Theoretical calculation This work PDG| FF (%) | Significance
102 x B(AF — Ap(770)T) 4.8140.58 [13] 4.0 [14,15] 4.06 & 0.52 <6 | 57.2+4.2 3690
10° x B(A} — 2(1385)T7%) | 2.8+04 [16]  2.2+0.4[17] 5.86 £ 0.80 — | 7.18+0.60| 1480
10% x B(A} — 2(1385)%7%) | 2.8+0.4 [16] 22+04[17| 6.47 +0.96 — |7.92+0.72| 1600
Qpp(7T0)t —0.27+0.04 [13] —0.32 [14,15] | —0.763 +0.070 | —
O (1385) 70 —0.917345 [17] —0.917 +£0.089 | —
Qs3(1385)0m+ —0.91145 [17] —0.79 4+ 0.11 —
@ First measurement of decay asymmetry parameters for resonant components
4-5/03/2024, Warsaw 19 /25



https://inspirehep.net/literature/2153556
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.053002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://link.springer.com/article/10.1140/epjc/s10052-020-08659-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://link.springer.com/article/10.1140/epjc/s10052-020-08659-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.053002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022

Study of decay Af — ArTn0 (2)
@ Data: 4.4/fb @ 4.6-4.7 GeV
@ Ny ~ 10* with purity > 80%

—— Data

E 1000 FRE T g
% % 400~ 2
3 8 T 3
@ @ @
8 s | S
< 500 S ol S
S kipans) < 200 3
= — m*E(1750)° = r k=1
2 - : 5
m m L m
oLt -
04 06 08 12 92 14 16 18 2 22 92 14 16 18 2 22
M, (GeVic?) M, (GeVicd) M, (GeV/c?)
Theoretical calculation This work PDG| FF (%) | Significance
102 x B(AF — Ap(770)T) 4.8140.58 [13] 4.0 [14,15] 4.06 & 0.52 <6 | 57.2+4.2 3690
10° x B(A} — £(1385)*7%) | 2.8+0.4 [16] 2.2+04[17] | [5.86=+0.80 — |718+060| 1480
103 x B(AF — $(1385)°7%) | 2.8+£0.4 [16]  22£04[17] | [6.47£0.96 — |792x072| 1600
Qpp(7T0)t —0.27+0.04 [13] —0.32 [14,15] | [-0.763 £ 0.070|| —
O (1385) 70 —0.917345 [17] —0.917 +£0.089 | —
Qs3(1385)0m+ —0.91145 [17] —0.79 4+ 0.11 —
@ First measurement of decay asymmetry parameters for resonant components
@ None of theoretical predictions explains both B and decay asymmetry
4-5/03/2024, Warsaw 19 /25



https://inspirehep.net/literature/2153556
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.053002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://link.springer.com/article/10.1140/epjc/s10052-020-08659-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://link.springer.com/article/10.1140/epjc/s10052-020-08659-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.053002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.1042
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114022

A

SN
StU.dy of dCC&y AZF — 'I/LT('+ (1) [PRL128(2022)142001] &
non-factorizable contribution @ SCS decays provide information

u ul " " }T " about factorizable and
al" 9 d non-factorizable interference
A} w i E u AT
c d in C

d
:I: d ‘n @ Exp. inputs are required to
w
d u

d———>—d improve understanding of validity

internal W emission W exchange
of different theor. models

b
=3
2 5 E 5

[=
=]

Data: 3.9/fb @ 4.612-4.7 GeV
Ngg(AT = nrt) =50+9
Ngig(AT — AnT) = 376 + 22

o
=

Events /10 MeV/c?

=01 background

b oo

97

=
<

AR -bkg

Events / 10 MeV/c?

e 6 o o
E
=

Ngig(AT — 207+) = 343 + 22

[*]
=
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https://inspirehep.net/literature/2063654

A

StU.dy of dCC&y AZF — 'I/LT('+ (2) [PRL128(2022)142001] &)) 7
&
Theoretical models BAF = nat)x107t  BAF — nrh)/BAF — pr®)
(1997) [1] 4 2
SU(3) flavor symmetry (2016) [2] 9 2
(2018) [3] 11.342.9 2
Constituent quark (1994) [4] 8or9 4.5 or 8.0
Pole model and CA (2018) [5] 2.66 3.5
SU(3) +O(T5)(2019) (o] 6.1£2.0 47
Topological-diagram (2020) [7] [77+2.0 9.6

BAT = nrt) = (6.6+1.240.4) 104 ]

@ B(AF — Ant) = (1.31 £ 0.08 £ 0.05) - 10~2
@ B(AF — ¥071) = (1.22 4 0.08 £ 0.07) - 1072
@ Use B(AY — pr°) < 8.0-1075 @90% C.L. by Belle [PRD103(2021)072004]

BAL —nxt)

ATy > 72 @90% C.L.

@ Disagreement with most predictions of theor. models, implying that non-factorization

contributions are overestimated
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https://inspirehep.net/literature/2063654
https://inspirehep.net/literature/429213
https://inspirehep.net/literature/1415752
https://inspirehep.net/literature/1647380
https://inspirehep.net/literature/378602
https://inspirehep.net/literature/1650578
https://inspirehep.net/literature/1710366
https://inspirehep.net/literature/1704146
https://inspirehep.net/literature/1848219

A

—_ N
StU.dy of dCC&y AZF — .:;OKJF (1) [PRL132(2024)031801] >

@ Significant dependence on

o 5
non-factorizable contributions from gw- =0
d- uw(=

78

W—bf)son—exchange diagrams . A s
— differ from charmed mesons (helicity C:ﬂ( K+
(L U,
suppressed ) /
u w
@ Goal: measurement of asymmetry NSL sr2”
. e . 5
parameter and decay dynamic w 5\ e
d uf
parameters
Theory or experiment B(Al = Z°K7) (x107%) Azog [A] (<1072Gp GeV?) |B| (x1072Gr GeV?) 8, — &, (rad)
Kérner (1992), CCOM 7| 26 0
Xu (1992), Pole [8] 1.0 0 0 7.04
Zencaykowski (1994), Pole [9] 3.6 0 . B
Ivanov (1998), CCQM [10] 3.1 0
Sharma (1999), CA [11] 1.3 0
Geng (2019), SU(3) [12] 57409 094700 27406 16.1 +2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
Zhong (2022), SU(3)* [13] 38007 09190 32+02 87106
Zhong (2022), SU(3)? [13] 5.0/00 0.99 £ 0.01 33103 123115
BESIII (2018) [14] 5.90 + 0.86 + 0.39 -
PDG fit (2022) [2] 55407
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https://inspirehep.net/literature/2693915
https://link.springer.com/article/10.1007/BF01561305
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.270
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.5787
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.5632
https://link.springer.com/article/10.1007/s100529801008
https://inspirehep.net/literature/1720655
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://inspirehep.net/literature/1662082
https://academic.oup.com/ptep/article/2022/8/083C01/6651666

A
N

StU.dy Of dCC&y AZF — EOK+ (1) [PRL132(2024)031801] ;

@ Significant dependence on

o 5
non-factorizable contributions from gw- =0
d- uw(=

2

W—bf)son—exchange diagrams . A s
— differ from charmed mesons (helicity C:ﬂ( K+
(L U,
suppressed ) /
u w
@ Goal: measurement of asymmetry NS sr2”
. He s
parameter and decay dynamic w 5\ e
d uf
parameters
Theory or experiment B(Al = Z°K7) (x107%) Azog [A] (<1072Gp GeV?) |B| (x1072Gr GeV?) 8, — &, (rad)
Korner (1992). CCQM [7] 0
Xu (1992), Pole [8] 0 0 7.94

0

Zencaykowski (1994), Pole [9]
Ivanov (1998), CCQM [10]
Sharma (1999). CA [11]

Geng (2019), SU(3) [12]

Explained as strong cancellation in S- and
P-wave amplitudes, corresponding to L=0 and
L=1 orbital angular momenta of £°— K"system

Zou (2020), CA [6] LiA=v) TO8 TZTO
Zhong (2022), SU(3)¢ [13] 0.91:00 32402 87108
Zhong (2022), SU(3)* [13] 0.99 + 0.01 3303 12312

BESIHI (2018) [14]
PDG fit (2022) (2| 55£07
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https://inspirehep.net/literature/2693915
https://link.springer.com/article/10.1007/BF01561305
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.270
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.5787
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.5632
https://link.springer.com/article/10.1007/s100529801008
https://inspirehep.net/literature/1720655
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://inspirehep.net/literature/1662082
https://academic.oup.com/ptep/article/2022/8/083C01/6651666

Study of decay Af — =K (1)

@ Significant dependence on
non-factorizable contributions from

W -boson-exchange diagrams Al

— differ from charmed mesons (helicity

suppressed )

@ Goal: measurement of asymmetry A+
. e . 5
parameter and decay dynamic w 5\ e
d uf

parameters
Theory or experiment B(Al = Z°K7) (x107%) Azog [A] (<1072Gp GeV?) |B| (x1072Gr GeV?) 8, — &, (rad)
Kérner (1992), CCOM 7| 2.6
Xu (1992). Pole 8] 1.0 0 0 7.94
Zencaykowski (1994), Pole [9] 36 0 Due to vanishing S-wave amplitude
Ivanov (1998), CCQM [10] 3.1 0
Sharma (1999), CA [11] 1.3 0
Geng (2019), SU(3) [12] 57409 0.94700 27406 16.1 +2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
Zhong (2022), SU(3)" [13] 38108 0.9108 3202 8.710¢
Zhong (2022), SU(3)* [13] 5.0°08 0.99 + 0.01 33405 12.3412
BESIII (2018) [14] 5.90 + 0.86 + 0.39 -
PDG fit (2022) [2] 55407
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https://inspirehep.net/literature/2693915
https://link.springer.com/article/10.1007/BF01561305
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.270
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.5787
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.5632
https://link.springer.com/article/10.1007/s100529801008
https://inspirehep.net/literature/1720655
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://inspirehep.net/literature/1662082
https://academic.oup.com/ptep/article/2022/8/083C01/6651666

A
N

StU.dy of dCC&y AZF — EOK+ (1) [PRL132(2024)031801] s

2

@ Significant dependence on .

8 S
non-factorizable contributions from gw- —0
W -boson-exchange diagrams AL 4 v
— differ from charmed mesons (helicity C:ﬂ( K+
(L U,
suppressed ) /
u w
@ Goal: measurement of asymmetry NSL sr2”
. e . 5
parameter and decay dynamic w Sl
d uf
parameters
Theory or experiment B(Al = Z°K7) (x107%) Azog [A] (<1072Gp GeV?) |B| (x1072Gr GeV?) 8, — &, (rad)
Korner (1992), CCQM [7] 2.6 0
Xu (1992), Pole (8] 1.0 0 Reproduction of relatively large exp. Br
Zencaykowski (1994), Pole [9] 36 0 introduces large positive decay asymmetry
Ivanav (1998), CCQM [10] 3.1 0
Sharma (1999). CA [11] 1.3 0
Geng (2019), SU3) [12] 57+09 0.94700 2.7+06 16.1 2.6
Zou (2020), CA [6] 7.1 0.90 448 12.10
Zhong (2022), SU(3) [13] 38108 0.9108 3202 8.710¢
Zhong (2022), SU(3)* [13] 5.0/00 0.99 £ 0.01 33103 123115
BESIII (2018) [14] 590086 £ 030 -
PDG fit (2022) [2] 55+07

@ Renewed interest in theor. community after BESIII 2018 result:
— adoptation of approach with large value of decay asymmetry

— theor. discussions about proper construction of S-wave amplitude — Stefan’s talk
4-5/03/2024, Warsaw 22 /25



https://inspirehep.net/literature/2693915
https://link.springer.com/article/10.1007/BF01561305
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.46.270
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.50.5787
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.5632
https://link.springer.com/article/10.1007/s100529801008
https://inspirehep.net/literature/1720655
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://inspirehep.net/literature/1662082
https://academic.oup.com/ptep/article/2022/8/083C01/6651666

oY
=

StU.dy of dCC&y AZF — EOK+ (1) [PRL132(2024)031801] s

@ Significant dependence on

o 5
non-factorizable contributions from gw- =0
Jd uw(=

2

W—bpson—exchange diagrams . Al s
— differ from charmed mesons (helicity C:ﬂ( K+
(L U,
suppressed ) /
u w
@ Goal: measurement of asymmetry NS sr2”
. e . 5
parameter and decay dynamic w Sl
d uf
parameters
Theory or experiment B(Al = Z°K7) (x107%) Azog |A] (x1072Gy GeV?) |B| (x107°Gy GeV?) 6, — &, (rad)
Korner (1992), CCQM [7] 2.6 0
Xu (1992), Pole (8] 1.0 0 Reproduction of relatively large exp. Br
Zencaykowski (1994), Pole [9] 36 0 introduces large positive decay asymmetry
Ivanov (1998), CCQM [10] 3.1 0
Sharma (1999). CA [11] 1.3 0
Geng (2019), SU(3) [12] 57+09 0,940 2.7 +06 16.1 +2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
K 04 +0.03
Zhong (2022), SU(Z'J: [}:;] 3'8—‘%;‘ 09104 Exp. measurement is crucial to test
Zhong (2022), SU(3)* [13] 5.0 0.99 + 0.01 the calculations and confirm vanishing
BESII (2018) [14] 5.90F 086 £0.39 - S-wave contribution
PDG fit (2022) (2] 55+£07

@ Renewed interest in theor. community after BESIII 2018 result:
— adoptation of approach with large value of decay asymmetry

— theor. discussions about proper construction of S-wave amplitude — Stefan’s talk
4-5/03/2024, Warsaw 22 /25
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.5632
https://link.springer.com/article/10.1007/s100529801008
https://inspirehep.net/literature/1720655
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.014011
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://link.springer.com/article/10.1007/JHEP02(2023)235
https://inspirehep.net/literature/1662082
https://academic.oup.com/ptep/article/2022/8/083C01/6651666

A

StU.dy of dCC&y AZr — EOK+ <2> [PRL132(2024)031801] B s

—  2R(sxp)
AEOKE T sl
23 (5% .
,BEOK+ = S\;(Jr ;5)2 = 1-— (OéEOK+)2 Sin AEOK+
2 2
s|2—
TEOKT = TSPEEpE T 1 — (agog+)? cos Azo+

@ Data: 4.4/fb @ 4.6-4.7 GeV
Nsig =378 + 21 [__ _Physical Boundary

@ First measurement of decay [ ¥ o..(BESID & BFPDG)
o Korner(1992), CCQM
parameters 0.5=  Xu(1992), Pole
““L 4 Zencaykowski(1994), Pole
F v Ivanov(1998), CCQM

%
|

Zou(2020), CA
Zhong(2022), SUG)Y'
Zhong(2022), SUG3)

azog+ = 0.0140.16+0.03
Azog+ = 3.8440.90 +0.17 rad
Beog+ = —0.6440.69+0.13
Yzog+ = —0.77+0.58 £0.11

@ Value of azo g+ is consistent with 20
. ) 0 =0 e v ia 2o
theor. predictions from 1990s r
L Sharma(1999), CA
—0.5 [ Geng(2019), SU3)

<deop> OO0

N R E IR
2 4 6 8

Branching Fraction(x10~)

|
=
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https://inspirehep.net/literature/2693915

More published analyses

Neutron-involved decays
e Bof CSAY 5 natn—, netan—at and CF AT - nK—atrt
[CPC47(2023)023001]

Hadronic CS decays
e Bof Af - 0K and LT K [PRD106(2022)052003]
e Absolute B of Al — pn’ [PRD106(2022)072002]
e Bof AT — AK* [PRD106(2022)L111101]

o Bof AT = StK+a— (%) [(JnEP09(2023)125)
@ Hadronic CF decays

e Bof AT 5 STKTK~ and ©t¢ [111EP09(2023)125]
@ Inclusive decays

e Absolute B of A, — X [PRD108(2023)L031101]

@ Rare decays
e Search for AT — St [PRD107(2023)052002]

e Search for Aj’ — py [PRD106(2022)072008]
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http://cpc.ihep.ac.cn/article/doi/10.1088/1674-1137/ac9d29
https://inspirehep.net/literature/2133563
https://inspirehep.net/literature/2128266
https://inspirehep.net/literature/2133261
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Planned future data sets 4+ upgrade

@ BESIII has made good progress on exploration of lightest CB AF
@ Near threshold production is unique to directly measure AL decay properties

@ Opportunities to study other charmed baryons (3¢, Zc, ) in BEPCII-U phase
[PoS CHARM2020(2021)016]
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Energy ‘ Physics motivations | Current data | Expected final data ‘ Tc | Tu
4.6 -4.9 GeV | Charmed baryon/XY Z 0.56 fb—1 15 fb~ 1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV Y TA_ cross-section N/A 1.0 b~ T 100/40 days
4.91 GeV .Y, cross-section N/A 1.0 fb~ 1T 120/50 days
4.95 GeV =, decays N/A 1.0 1T 130/50 days
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V.s using decay D — Ky &

@ SL decays involve interaction of leptonic current with hadronic current

G
M= —zTZVcsL“HH
@ Hadronic current when final state is pseudoscalar:
Hy = (K@)l D) = £116%) [0 + ) = 2Eeq, | + o) 2o,
@ Kinematics require: f4(0) = fo(0). For e-mode only f4(g?) is relevant
@ Differential partial width:

ar(D — Klv, X
IOD = K)o 621y, 253 1 (42)

dq?
@ Many different fi (g?) parametrizations & “
S S
& &
Parameter 2021 ‘ 2023 £ &
[Ves| F25(0) 0.7180(33) " = 0.78] 075
FPE(0) 0.765(31)1* | 0.7385(44)" " 0.767 F0.76
[Ves | Kl 0.939(38)111 | 0.972(7)l?1 T 0.747 [0 F0.74
+ 4 pet :
[Ves|Ae 2AeTve 0.936(30)°/ [PRD104(2021)034505]

UHrFLAV2021]  [2I[PRDY96(2017)054514]
[BI[PRD104(2021)034505]  [4l[PDG2020]

BlPDG2023]  [6][PRL129(2022)231803]
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