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Outline

= Introduction to the lightest charm baryon A

= At hadronic decays

m A semi-leptonic decay AL2>Al'v;

= A{ inclusive decay AL 2>A+X

m AYAC pair cross section measurement at threshold

= Summary



The discovery of A
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e First hint of charmed baryon X" — A 7t" at BNL in 1975. PRL 34, 1125 (1975)
e The A is firstly evidenced at Fermi Lab in 1976. PRL 37, 882 (1975)
e MarklI firstly established A in 1980. PRL 44, 10 (1980)
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The charmed baryon family

(a) Charmed baryons

Singly charmed baryons
€ Established ground states:
At’ zC’ E((I,)’ QC

€ Excited states are being explored

Doubly charmed baryons( £/.") observed

recently.
No observations of triply charmed baryons.

A} decay only weakly, many recent
experimental progress since 2014.

X.:B@E. » A{m)~100%, B(Z, —» Aty)?
E. : decay only weakly; no absolute BF
measured, most relative to £ w*(n").

Q.:decay only weakly; no absolute BF
measured.
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A¢ :cornerstone of charmed batyon spectroscopy

The lightest charmed baryon:2286.48MeV.
Most of the charmed baryons will eventually decay to A{.

The A{ is one of important tagging hadrons in c-quark counting in the productions at high energy
experiment.

Also important input to A, (including E7") physics as A, decay preferentially to A, . ==>Important input to
B physics and V,,;, calculations.

Al may provide more powerful test on internal dynamics than D/Ds does !

Quark model picture: a heavy quark (c) with an unexcited spin-zero diquark (u#-d). Diquark correlation is
enhanced by weak Color Magnetic Interaction with a heavy quark(HQET).

ll d > Charmed

37 > Charmed meson u = Strange baryon
(D*[ed]) [ — baryons ‘\. (A [udc])
Wd Auds)
m,, my <<m, 2>
my <<krrj_c: . S“ m,, my = m, > diquark + quark
quar cavy quar . C (qq) Q)
(@ Q) (qqq) uniform 5



AT weak decays

® Contrary to charmed meson, W-exchange contribution is important.(No color

suppress and helicity suppress)
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® The A, weak decay acts as isospin filter

@ For example, Oset suggests to study the A(1405) through A,—7 A(1405) and A(1405) e v,

which filters isospin I=0 from contamination of the I=1.
[Phys. Rev. C 92, 055204 (2015), Phys. Rev. D 93, 014021 (2016)]
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® Exotic search in A{ — ¢pn an analog to the Pc states in A, —J/YpK~




BESIII data taking @ A¢Ag threshold

In 2014, BESIII took data above A, | ° o6 ]l PRL101 {2008) 172001

pair threshold and run machine at o BELLE

4.6GeV with excellent performance! J[ J[ + +

LT

This is a marvelous achievement of 0 _+ HﬁﬁﬂﬁH*mﬂﬁﬂﬂﬁ

BEPCII ! 45 46 47 48 :4.9 5 51 52 é.swszA
(A% AD) eVic

~106)( 103 A-CI,_ A; pairs make i;(jr\(:l The cross section for the exclusive process e" e~ —

sensitivity to 10-3.

Energy(GeV) lum.(pb!)
First direct measurement on A BFs
4.575 ~48
at threshold.
4.580 ~8.5
Collect more Al data are in the
4.590 ~8.1

schedule.
4.6 ~567



Production near threshold and double tag technique

E..-2M,.=26MeV only!

A{A; produced in pairs with no additional
accompany hadrons. @ @

ete—y*— ATAL

Clean backgrounds and well constrained P
. ° . e+ \
Kinematics. > =

Typically, two ways to study A{ decays:

Single Tag(ST): Reconstruct only one of the A, -pair. /

=>relative higher backgrounds

=>Higher efficiencies

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

=>Smaller backgrounds.
=>Missing technique.

=>Lower efficiencies.

=>Systematic in tag side are mostly cancelled.



Several popular variables

Alz:l;Ac_lzbeam
Beam-Constrained-Mass; @

MBC \/Ebeam o |pAc|2 \

E miss beam'E h
— = —

Pmiss— Pac- Pn

— _ — o 2 _ 2
PAc™ = Drag \/Ebeam mAc

UmlSS_ miss | pmlSS|

mlss \/ miss |1_9>miss|2

® P, is the direction of the momentum of the singly tagged A .

® [, (p,) are the energy(momentum) of h which are measured in e"e” system.

® m
At

is the mass of the A{ quoted from the PDG.



Measurements that I report today

€ Hadronic decay
O BF(Af —»pK-w") +11hadronic modes :PRL 116, 052001 (2016)

O BE(AY —nK ") PRL 118, 12001 (2017)
O BF(A* —pK*K-, pr'w)  :PRL 117, 232002 (2016)
O BF(A* —pn, pr®) .PRD 95, 111102(R) (2017)
OBFAf— X n'n®)  :PLB 772, 388 (2017)
O BF(AY - E0K™) : arXiv:1803.04299
€ Semi-leptonic decay
O BF(A* —Ac'v,) PRL 115, 221805(2015)
O BF(A{ >Apv,) . PLB 767, 42 (2017)

€ Inclusive decay
O BF(A —AX)  arXiv: 1803.05706

€ A’ AL pair cross section measurement: PRL 120,132001(2018).
C*™*C p
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Events/2.0 MeV/c2

AL reconstruction at BESIII
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ST N2 = NA?K;'ZBi-Bj-EIE?
N@' — A+A— B 5 -

® The BFs are extracted via the double-tag technique.

® BF is determined independent of N and the systematic due to the reconstruction
of ST side to be canceled. e

® ~15400 ST yields and ~1000 DT yields



Results of 12 A{ hadronic decay BFs

PRLATS, 0520?/}08%016) This work (%) PDG (%) BELLE B

I..ofié’. _______ 1.5240.08£0.03__1.15+030_________________ .

 pK T 58440274023 50+13  6.84+0.247%2 |

TpKIxRTTTTTT18TE0.13F 005 T 165£050 T
pK2rtn~ 153+0.11+0.09 1.30+0.35

pK~7nt7® 453+023+030 3.4+1.0 567pb”! @ 4.6 GeV
Art 1.24+0.07+0.03 1.07+0.28

Arta® 7.014+037+0.19 36+1.3

Artr~xt 3.814+024+0.18 2.6+0.7

YOrt 1.27+0.08 +0.03 1.05+0.28

Yy tr 1.18+0.10+0.03 1.00 +0.34

Ytrta~  425+0244+020 36+1.0

Y tw 1.56 +0.20 £ 0.07 2.7+1.0

®  No absolute measurement (Model independently) on At BFs at threshold after Af
discovered(30 years ago).

® A least square global fit taking into account correlations over different modes are
performed to improve the precision.

® The precision of B(pKn*) are comparable with Belle’s
®  The precisions of A, decay rates is reaching to the level of charmed mesons!
® N as a byproduct determined to be (105.9 4.8 +0.5) X 103

At AL




HFLAYV Fit to wotld BF data

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

Eur. Phys. J. C77, 895 (2017)

HFAG Summer 2016

? BN BESIII 2016
....... BN Belle 2014 ]
B CLEO 1998

’ém683% 955%and997%CL |

0.008 0. 010 0. 012 0. 014 0. 016 0. 018 0. 020 0.022

Mode HFAG 2016 (%)| BESIII (%) |PDG 2014 (%)| BELLE (%)
pK2 1.59+0.07 [1.52+0.08+0.03] 1.15+0.30

pK m" 6.46 +0.24 [5.84+0.27+0.23| 5.0+13 [6.84+0.247032
pK 27" 2.03+0.12 |1.87+0.13+0.05| 1.65=+0.50

pKertn™| 1.69+0.11 [1.53+0.11+0.09| 1.30+0.35

pK nt7°| 5.05+0.29 [4.53+0.23+0.30] 3.4+1.0

An™ 1.284+0.06 [1.244+0.07+0.03] 1.07+0.28

Anta® 7.09+0.36 |7.01+0.37+0.19| 3.6+1.3

Artnr—w™| 3.73+0.21 [3.814+0.24+0.18] 26+0.7

ROt 1.31+0.07 [1.27+0.08+0.03] 1.05+0.28

AR o 1.25+0.09 |1.18 +£0.10+0.03| 1.00 £ 0.34 /4
Stata~ 464+024 |4.254+0.24+0.20| 3.6+1.0 004 TS
Stw 1.77+0.21 [1.56 +0.20+0.07| 2.7+1.0

Ae" v, 3.18+0.32 |[3.63+0.38+0.20| 2.1+0.6

€ The least overall y*/ndf=30.0/23=1.3
@ Precise B(pK~n™) is useful for constrain V, u determined via baryonic mode
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Experimental precision reaches of the charmed hadrons

DO
D"

Ac

Golden hadronic mode oB/B Golden SL mode oB/B
B(Km)=(3.88 = 0.05)% 1.3% B(Kev)=(3.55+0.05)% 1.4%
B(Knm)=(9.13 +=0.19)% 2.1% B(K%v)=(8.83 +0.22)% 2.5%
B(KKpi1)=(5.39 £0.21)% 3.9% B(dev)=(2.49 +0.14)% 5.6%
B(pKn)=(5.0 = 1.3)%(PDG2014) | 26% B(Aev)=(2.1 £0.6)%(PDG2014) 29%
=(6.8 =0.36)% (BELLE) 5.3% =(3.63 +=0.43)% (BESIII) 12%
=(5.84£0.35)% (BESIII) | 6.0% =(3.18 £0.32)% (HFAG) 10%

=(6.46 +0.24)% (HFAG) | 3.7%

The precisions of Ac decay rates 1s reaching to the level of
charmed mesons!

More data imput will further constrain the HFLAV fit.

However, search for more unknown modes are important
14



Singly Cabibbo-Suppressed Decays of
At —prtn and AT —pKK-

* ST method: AY—>pK=* as ref. mode PRL117,232002(2016)
 First observation of SCS decay of At —pntn-
« Improved measurement on the SCS decays Af —>pK*K-

« A{—p¢ are sensitive to non-factorable contributions from W-exchange diagrams

N a0 < F

L O O_r

> S N ‘

[0} V2 A(TL — ])+ KtTK~ o I A(TL —p" KTK~
2 ! S |

o ! o7y

5 c | o |

- \10‘ , = -

(/)] , (/)]
% i
i 0 i |1t 0 I
) | (.| JPUIS I‘“? frf? B 9.4 et 1|
0%~ m 221 2m 22 23 W N . IR W i e
’ ' M.(GeV./CZ) ' ' 925 226 227 228 229 23 1 105 11 115 12 125 13
BC Mac(GeVic) M(K'K)(GeVic?)

Decay modes Biode/ Bres (This work) Biode/ Bres PDG average)
Af - prta (6.70 £ 0.48 + 0.25) x 1072 (6.9 +3.6) x 1072
Af - po (1.81 £0.33 £0.13) x 1072 (1.64 +0.32) x 1072
Af - pKTK~ (non-¢) (9.36 2.22 +0.71) x 1073 (7+£2+£2)x1073
- Boge (This work) Bmode PDG average)
Al - prtr (391 £0.28 £0.15+0.24) x 1073 (3.5+2.0) x 1073
Af = po (1.06 £ 0.19 +0.08 £ 0.06) x 1073 (82+2.7) x 1074
Af - pKTK~ (non-¢) (547 £1.30+£0.41 £0.33) x 107* (35+£1.7)x 107

15



AE— pd: test large-N_ expansion

u

(d P

® Charmed meson decays /:\

d

a3 =¢4(1) *+Ca(p) (1/Ng +x1()), A " ~] .
5= Cy() +Cq(u) (1/N¢ +x2()), . Wj§<
If x,=%,=0, naive factorization \C/ @ ?

If x,=x,=-1/N_, large-N. factorization

At — pd proceeds only through internal W-emission diagram.
Input BF = |a,|=0.70£0.07, close to c,(m, )~ -0.59(from theory)

1/N, is also applicable to charmed baryon sector.

BESIII measurement are consistent with previous measurement.

16



Singly Cabibbo-Suppressed Decays of

A{—pn® and A —pn

® B(Af— pn)>>B(Af— pnP) in the SU(3) flavor symmetry generated by u,d and s
® Their relative size 1s essential to understand the interference of different non factorizable

diagrams.

Events / (2.5MeV/c?)

40

30

20

10

10

2.26 227 228 229
Mg (GeV/c?)

C aF ( ) [ —— data 2 <27.9@ 90% C.L
L A % ( —> ) a 4 — Fomeeees signal curve goe
N p rl rl yy . Nt\) 100 ...... background curve £ 06 !
- — > [ — total curve =04
- 4 o gol data in AE sideband g o2
- . E L =
» 4 7o) - E %2 a0 60 80 100
L 4 N | .{. 2 N(A-pr)
~ = 1
N i 10 W#-}-N +
+ AT B s Tt ~ut
F + + 1 e T + + 3
Y - w 20r
- : d ob— A TSP T
B | . L | e 2.25 2 26 2 27 2 28 229 2.3
= L T
i M, (GeV/c?)
| —¢— data + 0 BC
Looeeeees signal curve A > pn(n >TTTU T \
L oo - background curve . ) IZAH’ d
- —— total curve ..------------L\ 2o A oprd B
- — — datain AE sideband 7 ! _BBESIm 1245029 <027 <024 |
[ ---- datainM,, sideband |: = Shamaeral BT~~~ 025~ 05 ~ T TR0
r 3 Uppal et al. [4] 0.3 0.1-0.2 0.3-0.7
B | S.L. Chen et al. [12] 0.11-0.36°
Lo e I Y i Cai-Dian Lii ef al. [13] 0.45
i . = ;—"'_'"_'l s :: '''''' i ®Assumed to have a positive sign for the p-wave amplitude
L - ' }i.: '___ll+,-,"_: ofA*'—w«K+
0 pl o 1g OO R YA L ®Assumed to have a negative sign for the p-wave amplitude

of Af - E'K™.
CCalculated relying on different values of parameters
b and a.

PRD,111102(R) (2017)

First evidence for A — pn
with 4.2c

No signal seen in A} — pnd

Predicted BFs vary under
different theoretical
modes(SU(3) symmetry and
FSI)

17



B(A{— pr®) v.s. BAAL— pn)

Singly Cabibbo-suppressed modes: A;*— pn’, pn

c d c s d d )
0 0
d. | %M s ™ d_- 7@
u ] u ‘ﬁu&
u p u u_ p C d p
N d d _ d u u
C1 C1 Cz
c - d d . u . u . u
T 4 |™ u -’ <U: | -nom
: } u
=l =T
d u C . d ) -
- P P % P
u - u | u . u d N u
E>

7’ =(dd -uit)/N2, n=(dd +uii -s5)/\/3 for n-7' mixingangle =19.5°

Custody by H-Y Cheng
A(Ac*— pa®) = (C,+ Cp + Eq- Ep- E3)N2 It is most likely that

A(Act— pn) = (2C1+ Co + E4+ Ex+ E3)I\l3 I(Ac*™= pn) >> (A" ng)

® More precise comparison of the two BFs are desired to explore the
interference of different non-factorizable diagrams
® BESIII result support the theoretic prediction.

18



Observation of Af >nK2n*

® First direct measurement of A decay involving the neutron in the final state.

 PRL,118,112001(2017) [Z——~
0.54 B ® e * 30 .—l'omlflt 7
— A, bkg
" =snon-A, bkg
< 0.52 - N{ 20
% ° ': S ., E
G 05 srbg 10
. e ARl —
£ ’ )
= 048] z
v
=
10
0.46 -
! ] o | ’ il wlhlﬂr ,“'!_'!I A
e Im Tt : S
0.7 0.8 0.9 1 1.1 0.7 08 09 1 1.1
Mr211iss (Gev2/c4) A‘[1:121iss (Gevz/c_l)

*  Peaking background from A} —»X* (—nn*) ntn-
e 2-D fitting extract 83 = 11 net signals
«  BIA{—-nKIm|=(1.8240.23+0.11)%

«  B[A}—nKm/B[Af —pKnt]=0.62+0.09; B[At —nK Om/B[A —pK'n®]=0.97+0.16

Events/2.5 MeV /c?

30

N
o

10

-
o o

046 048 05 0.52 0.54
M, .- (GeV/c?)

A test of final state interactions and isospin symmetry in the charmed baryon sector. [PRD93, 056008 (2016)]
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Observation of A — X ' nf

® First observation of a large-rate forgotten channel A} —X-r+n*n® (CF decay)

-l ’,}3"%’

0.9} '
G .
> 0.8 3
-
< 1F
< ".. >

09 Tl

08— 172 13 02 025 03 035

M, .- (GeV/c?) M, .- — M, (GeV/c?)

Mpr- = \/(Ebeam - En+n+(7t°))2 B [—P’Aj _$”+”+(7’0)|2

My = \/(Ebeam — Ept - 0))? — IT))A;* —7’)71+n+7r-(7r°)|2

PLB 772, 388 (2017)

A} decay involving the neutron
in the final state(missing
technique).

B(Af > rmind)= (2.114£0.33
+0.14)%

B(A} —3mrt)= (1.81£0.17
+0.09)%

more precise than old result
(2.31£0.4)%

20



W-exchange-only process Af — E0MKY

aerV:1803-04299 L [ Data ST MBC sideband
& 60 -
§ -~ total fit """ 2nd-order polynomial
§ i
S wl 103c Baig
c’ L
— I
< n
72}
= 20
d) L
>
w »
R e S
® Al - E0®K™ decay only through W- 12 14 1.6
exchange. M . (GeV/c?)
® W-exchange are non-factorable in Decay | Measured l;(&iii;ff:f Predicted B(A} — )0 K+)
theoretic calculation. ] 2.6x107 [4]
. . 3.6x1072 [6]
® Large cancellation both in S-wave and P- =0 o+ (7.8 + 1.8)% [18] 3.1%10-% [10]
wave. —3 1.0x1072 [14]
_|_
(5.0+1.2)x10 U3x10-* [15]
5.0x107° [4]
) ) w0 (5.3 +1.9)% [18] g
®  First absolute measurement, using world EPKT 957 3.9)% [19, 20) 8-2?8_2 E%
.OX

largest on-threshold data at \/s=4.6GeV — (4.0+1.0)x1073

® Excited states in higher side is more
interesting and will be confirmed by next

round data taking. B(A — 2(1530)°K ) = (5.0240.9940.31)x10~° |21

B(AF — Z°K™) = (5.9040.8640.39) x 10~




Af—Al'v; decays

o In 1991, ARGUS reported the first measurement of A, "> Al*v, with 477 pb! Y(15),

:

N / 100 MeV/c?
o]
()
1

Y'(2S) and Y (4S) data

(o) lg “.t

N / 100 Me!
=
Vﬁ_'_f_w

| [ o(ete” = AFX)-BR(AF — AetX) =420+ 1.28+0.71 pb

olete” = AFX) - BR(A] — At X) = 3.91 £ 2.02 + 0.90 pb

O In

120
100

80

Events/100 MeV/c’

23
MASS(Ae")

4 5 0 1 2

3

4

SRR Phys. Lett. B 269, 234 (1991).

5

(GeV/ch)

IIII]IIIIII

o

I n

1994, CLEO performed same measurement with 1.6 fb-! Y'(4S) data

o(ete™ = AFX)-BR(AY — Aet X) = 4.87 +0.28 + 0.69 pb

olete” = A X) -BR(A — AptX) =4.43 +0.51 4+ 0.64 pb

Phys. Lett. B 323, 219 (1994).

Invariant

2

3 4
mass of (A,e*) (GeVv,/c?)

5

o Based on above two measurements , PDG extracts BF for A —Al*v; with
T(A.") and the assumption of form factors

A€+I/£

NeT v,
Aptuy,

[r]

(28
(29
(2.7

04 )%

05 )% Not a direct measurement!
06 )% 22




Theoretical calculations on the BF A —Altv,

Model &Experiment Bre*2 [ %] References

SU(4) symmetry limit 9.2 M. Avila-Aoki et al [PRD40, 2944 (1989)]
Non-relativistic quark model 2.6 Perez-Marcial et al [PRD40, 2955 (1989)]
MIT bag model [MBM] 1.9 Perez-Marcial et al [PRD40, 2955 (1989)]
Relativistic spectator Model 4.4 F. Hussain et al [ZPC51, 607 (1991)]
Spectator quark model 1.96 Robert Singleton, Jr. [PRD43, 2939(1991)]
Quark confinement Model 5.62 G. V. Efimov et al [ZPC52, 149 (1991)]
Non-relativistic quark model 2.15 A. Garcia et al [PRD45, 3266 (1992)]
Non-relativistic quark model 1.42 H. Y. Cheng et al [PRDS3, 1457 (1995)]
QCD Sum Rule 3.0+0.9 H. G. Dosch et al [PLB431, 173 (1998)]
QCD Sum Rule 2604 R. S. Marques de Carvalho et al

QCD Sum Rule 58+1.5 [PRD60, 034009 (1999)]

HOSR 4.72 M. Pervin et al [PRC72, 035201 (2005)]
HONR 4.2

STSR 2.22

STNR 1.58

LCSRs 3.0+0.3 (CZ-type) Y. L. Liu, M.Q. Huang and D. W. Wang [PRD80,

2.0t 0.3(1offe-type)

074011 (2009)]

Convariant confined quark model

2.78

Thomas Gutsche et al [PRD93, 034008(2016)]

relativistic quark model

3.25

R. N. Faustov, V. O. Galkina, Eur. Phys. J. C (2016)
76:628

Lattice QCD

3.80£0.19, ocp£0.11,,

Stefan Meinel, PRL118,082001 (2017)
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Absolute BFs for semi-leptonic A —Al*v,

PRL 115, 221805(2015)

At —Aetv,
104 = 11 signal

L1

Events/0.010 GeV

10" / ]

-0.2 -Ol.1 0 0.1 0.2
U miss (GGV)

Large rate via the CF transition c—s/fv;
A 2> Al*vis a benchmark for other
semileptonic decays of A_*.

Provides stringent test for nonperturbative
aspects of the theory of strong interaction.
Key ingredient in calibrating LQCD
calculations.

Provides important input for calibrating
the LQCD calculations.

Events/0.010 GeV

PLB 767, 42 (2017)

30

20

10

0.2 -0.1 0 0.1 0.2

AF—Apty,
79 = 11 signal

D)

—

A —Anrd

Umiss (GCV)

B[A} > Aetv,]=(3.36+0.38+0.20)%

B[A] > Aptv,]=(3.49+0.46+0.27) %

ul

CIAL > Ap* v, JT[AL D Ae* v, ]=
0.96+0.16+0.04
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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)

PRL118(2017)082001
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A —A+X

® Curent PDG: BF(A}—A+X)=(35+£11)%

Large rate, but also with large uncertainty

arXiv:1803.05706

® Double tag method: Tagged with
Af—pKrt and pK?

® Extract yields from 2D distributions in
bins of p—|cos0)|

® B(Af->A+X)= (382%28+0.8)%
(only (24.5 £+ 2.1)% observed in PDG which

@®

IR TR DR L L SR ST ST SN indicates more unknown decay channels)

2.25 S
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(No CPV is observed.)
. NA 4+ NB N€ + NE
N = NS ST (VP - S - .
2 2 ® Comparison with K+X will shed light on

the A} internal dynamics.

Aep = B(AT -A+X)—B(A] -A+X)
P = ~— =
BAL = A+X)+B(A; —A+X) ® The Al'v, dominate the I'+X,

B (pKI*v,)~107. 2



The cross-section of baryon pair

The Born cross section of the reaction ¢ ¢~ — y* — BB can be parameterized in terms of

electromagnetic form factors:

B 4t o>CP

05 (9) = Ty 1Gm()P + 5= IGe (@)

3q?

» Baryon velocity B = \/ 1—4m3ct/q?, © = q° / (4mic?)

» For charged B, the Coulomb factor C will results in a non-zero cross section at threshold

e ¢"e¢~ —pp: an enhancement and wide-range
PP &
plateau in the line-shape

e ¢ e~ —AA: non-zero cross section near threshold

e It can be anticipate that A has a similar
behaviour with proton

e Belle collaboration has measured the cross section
ofete” — AFA_ using ISR technique
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Cross-section and EMFF of ete— A{A; near threshold
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FIG. 3. Angular distribution after efficiency correction and

04.56 157 158 150 26 ;iili}t?bo)f the fit to data at /s = 4574.5 MeV (a) and 4599.5
Vs (GeV)
Gp/Gu(1—8%) = (1—an,)/(1+an,).

¢ Tl}e cross sections are me.as.uI.Ed o One of the most basic observables that intimately related to
with unprecedented precision the internal structure of the nucleon.

@ Enhanced cross section of reaction © One of the most challenging questions in contemporary
ot s /\EL /—\C_ near threshold is physics is why and.how quarks are confined into hadrons.
discerned for the first time The electromagnetic form factors (EMFFs) have been a

powerful tool in understanding the structure of nucleons.

® The Coulomb enhanced factor?

\/g (MeV) QA ‘GE/GM‘
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
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BESIT More efforts 1n the coming years

* Era of precision study of the A_decays:
BESIII/LHCb/BELLE

to provide more data for theorists to develop more reliable models

— hadronic decays:
to explore as-yet-unmeasured channels and understand full

picture of intermediate structures
— more semi-leptonic decays: n/™v, pK["v, pr [V, ...
understand internal dynamics

— CPV in charmed baryon:
BP and BV decay asymmetry, charge-dependent rate of SCS

ph*h-
— Rare decays: LFV, BNV, FCNC

Many more outputs are expected in the coming future years.



Summary

Threshold data at BESIII opens a new door to direct measurements of the
decays =»precise study of A, decays

¢ kinematics does not allow additional particle produced along with the Af A7 pair
¢ fully reconstruct the pairs and take their yield ratios to measure the BFs:

¢ low backgrounds and high detection efficiency

A larger data set could help to improve our knowledge on Al decays.
BESIII will keep collecting Al data (~1M in total).

Many A} related topics in BESIII are in progress(other hadronic/semi-
leptonic/rare decays).

BESIII and B factories will be complementary in A} decays and provide
the precise measurements in the future several years.
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