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Frontiers of the Standard Model

High Energy Frontier High Precision Frontier
Higgs, BSM particles.; Symm»etries, flavours, g-2, EDM...
This talk!

non-perturbative QCD

Low Energy Frontier

Hadrons, strong interaction, confinement...
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BESII Charmed hadron
— Key to the strong interaction

» Systems with strangeness
— Scale: m; =100 MeV ~ Aqcp= 200 MeV: Relevant degrees of freedom?
— Probes QCD in the confinement domain.

* Systems with charm

— Scale: m_ =~ 1300 MeV: Quarks and gluons more relevant.
— Probes QCD just below pQCD.
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Beijing Electron Positron Collider (BEPC)
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- 2004: started BEPCII upgrade,
BESIII construction

\ \ 2009 - now: BESIII phySICS run
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1989-2004 (BEPC):
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BESII

Energies of the BEPCII Collider
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BESII Physics at tau-charm Energy Region
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* Hadron form factors

* Y(2175) resonance

* Mutltiquark states
with s quark, Zs

* MLLA/LPHD and QCD

sum rule predictions
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* Light hadron spectroscopy
* Gluonic and exotic states

* Process of LFV and CPV

* Rare and forbidden decays
* Physics with T lepton
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BGSI[[ Data for studying charmed hadron decays

D & A, decays:
* (semi-)leptonic decays
 hadronic decays

2 6
T
. +scan data <
- ) &=
S ik a, 4 >
o a =
S - 73]
ol
P : :
: - [ Nen) 2 g
0.5 :I —
(3 "
o
0 - W - - 0
T v AT T T T
J/p P(25) . C g
6 A Mark-I g
Mark-1 + LGW

W Mark-1I Paue 5y

e PLUTO ‘ bt

o DASP M 1 ‘ é

4 ¥r Crystal Ball % LA _)kl‘,_‘ 5k 1 ©

» BES t‘ r,ﬂ.,‘ﬁ Wg S

L "‘y‘ L 1T ‘ —
J fhs 4
1 r ADD:.V-~ ! A, =

2.8 3 3.2 3.4 3.6 3.8 4 %.*2 + 4.4 4.6 4.8
/s /Gev DsDs

t

Xiao-Rui LYU o) R R 2, 2020



B'GS]]I Precision measurement of CKM elements
-- Test EW theory

CKM matrix elements are fundamental SM parameters that
describe the mixing of quark fields due to weak interaction.

(d'\ Vud b \ /d\ 5 CKM matrix
N :‘ T/chcst S/

C

BESIII + B factories +

. :
O K.V Vi NDO ) LQCD
Three generations of quark? Unitary matrix?

/ BESIII + B factories +
Expected precision < 2% at BESIII LHCb + LQCD

 Precision measurement of CKM matrix elements
* A precise test of SM model
* New physics beyond SM?
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5SS pouble Tag (DT) techniques

* 100% of beam energy converted to D pair (Clean environment,
kinematic constrains v Recon. )

* D) generated in pair = absolute Branching fractions
* Fully reconstruct about 15% of D, decays

/17{_[:_ | d hadrons
7 Signal side
o " |/
+ \T[_ D ——
€ s 1))(3770) e~ | A
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¢ Double tag techniques: Hadronic tag on one side,
on the other side for missing-mass studies
(Double tag efficiency is high.)
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55 Charmed meson decays
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BCSII D, Leptonic decays

Purely Leptonic:

* Extract decay constant fj, ) incorporates the strong interaction effects (wave
function at the origin)

* To validate Lattice QCD calculation of f, ) and provide constrain of CKM-
unitarity
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BESIT  Observation of D — vt - TtV

arXiv:1908.08877 [hep-ex]
accepted by PRL

p-like tracks (Eemc < 300 MeV) w-like tracks (Egmc > 300 MeV).
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SM prediction 2.67 4= 0.01.
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BESII

Inputs:

PDG2018 from CKM unitarity:
|Veq| = 0.22438 4 0.00044

Decay constant f),

Inputs:

PDG2018 from CKM unitarity:
Ve = 0973597 500016

T | T T T | T T T | T T T T T T T T T T T T T T I T T T T T T T T I T T T T
FNAL/MILC  PRD98,074512 249.9+0.4 o
FNALMILC  PRD98,074512 212.7+0.6 RBC/UKQCD JHEP1712,008 246.4+1.3"'3 o
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 O
RBC/UKQCD JHEP1712,008 208.7+2.8"% ETM PRD91,054057 247.2+4.7 =Om
FNALMILC  PRDS0,074509 249.0+0.3" o
ETM PRD91,054507 207.4+3.8 FNAL/MILC  PRD85,114506 260.1+10.8 S—m—
HPQCD PRD82,114504 248.0+2.5 <
FNAL/MILC  PRD90,074509 212.6:0.47) CLEO PRD79,052002, 7,V 252.8+11.2+5.5 N —
CLEO PRD80,112004, v 258.0+13.35.2 ——
HPQCD PRD86,054510 208.3:34 CLEO PRD79,052001, 7_v 278.3+17.6+4.4 S
BaBar PRD82,091103, 1, ...V 244.6+9.1+14.2 ——
FNALMILC  PRD8S5,114506 218.9+11.3 Belle JHEP1309,139, 7., .\, »V 262.2+4.8+7.4 —_——
CLEO PRD78,052003, kv, © V  206.8:8.742.5 BESIII PRD94,072004, uv, TV 241.0+16.316.6 =———tm—tm—
CLEO PRD79,052001, pv 257.6+10.3+4.3 —o
BESIII PRD89,051104, pv 2038452418 =t BaBar PRD82,091103, v 265.9:8.417.7 —
Belle JHEP1309,139, pv 249.8+6.6+5.0 ——
BESII Expected (20fb™), uv 203.8+2.0+1.5 ——— BESIII PRL122,071802, pv 252.9+3.7+3.6 —.—
BESIII Expected (6fb™), v 252.9+2.7+3.0 .=
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» Precisions of LQCD results are superior to experimental ones
« Hint of slight tension between exp. & LQCD results
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BESIT D, Semi-Leptonic decays: e-mode

Semi-leptonic: form factor (FF)

* Measure |V | x FF

* Charm physics:
* CKM-unitarity = | V|, extract FF, test LQCD
* Input LQCD FF to test CKM-unitarity
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BESIT D, Semi-Leptonic decays: u-mode

BESII prL121(2018)171803
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Form factors f2-"

T I T T T T I T T T T I T T T T T I T T T T I T T T T I 1 T T 1 I T
ETM PRD96,054514 0.765+0.031 ETM PRD96,054514 0.612+0.035
HPQCD PRD82,114506 0.747+0.011£0.015
HPQCD  PRDS84,114505 0.666+0.02+0.021
Bele  PRL97,061804, D°KT'v 0.695+0.007+0.022
Belle PRL97,061804, D’nl'v 0.624+0.020:+0.030
BaBar  PRD76,052005, D’>Ke'v  0.727+0.007:+0.009
CLEO PRD80,032005, D—Ke*v 0.739+0.007+0.005 BaBar PRD76,052005, D"—>me*v 0.610+0.020+0.005 ——
BESIl  PRD92,112008, D'>K’e'v  0.748:0.007+0.012 CLEO PRD80,032005, Dsme*v  0.666+0.019:0.005
BESII  PRD96,012002, D'->Kee'v  0.7246:0.0041:0.0115 BESII  PRD96,012002, D'>nle’v  0.6216+0.0115+0.0035 ——
BESII  PRL122,011804, D°>Kpu*v  0.7327:+0.0039:0.0030 ,
BESIII PRD92,072012, D’>we’y  0.6372+0.0080+0.0044
BESIl  PRD92,072012, D°>Ke'v  0.7368+0.0026:0.0036
BESIII Expected (20fb™), D°—>we*v  0.6372+0.0031£0.0040
BESII  Expected (20fb™), D°>K'e'v 0.7368:+0.0009+0.0033
. l ) . , \ l . , . A l \ \ \ 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
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Precisions better than those of LQCD results
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Form factors ffs
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Vcs and Ved

SMfit PDG18 0.22438+0.00044 . BES"I: best preciSion and
PDG  PDG18, D*—zOrv 0.214:0.003:0.009 = SySte m at i C d om i na nt

CLEO PRD78,052003, D'>pv, T_v  0.218+0.009+0.003 —_—
BESIIl PRD89,051104, D*>uv 0.2150+0.00550.0020 =t
BESIIl  Expected (20fb™), D*>uv 0.2150+0.0021:0.0017 —e—
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SMfit  PDG18 0.97359:+0.00011 . .
DELPHI  PLB439,209, W'—c§ 0.94+0.32+0.13 0.96 — Direct 7]
PDG PDG18, D—KI'v 0.975+0.007+0.025 [ed 7)) ™ 7
CLEO  PRD79,052002, D!—t, v 0.981:0.043+0.021 == >° - ]
CLEO PRD80,112004, D}t v 1.001:0.052+0.020 == —_— o 1
CLEO  PRD79,052001, D}t v 1.080+0.068+0.016 —— 0.94 _
BaBar  PRD82,091103,D!>t,, ..V  0.949+0.035+0.055 —— e |
Belle JHEP1309,139, D!>7,,, . .,V 1.017+0.019+0.028 o=
BESI  PRD94,072004,D;—uv, T v 0.936+0.063+0.025 —o— i Nucleon & Kaon T
CLEO PRD79,052001, D;—pv 1.000+0.040+0.016 =o= - 1
BaBar  PRD82,091103, D] v 1.032+0.033+0.029 —.- 0.92 —
Belle JHEP1309,139, D} —pv 0.969:+0.026+0.019 -e- L i
BESIl  PRL122,121801, D}—>n'e’v 0.917+0.094+0.156 —— B i
BESIII PRL122,121801, D;—me*v 1.031:0.012+0.080 —C— Phase |
BESIl  PRL122,011804, D’—Kpv 0.955+0.006+0.024 o 0.90 LA T le)l(c!udt?dlalrela hlasl (?Lf 01'9151 L—
BESI  PRL122,071802, D} —pv 0.985+0.014+0.014 - .
BESH  Expected (6 fb), D'—spv 0.98540.010:0.012 . 0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26
1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 |V |
-1 0.5 0 0.5 1 cd
IV,
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m?, (1 - ,;’—ri> SM prediction: Ry =2.67+0.01

Tt

L(D{, =t ")

ot = Ty, > ) L (1_ 2 )2' BESIII: R} =3.2110.64 +0.43
“ 10 difference?

Semi-leptonic modes

:t; 1 D0—> v . Data LQCD D*— 7I*v
. 1 Ar/Aq’ (l=e) + —
° 4—% AT/AG? (=) —-
R/,L/e — FD0—>K—;1,+V;L/FD0—>K"6+V€ O Riry + =
i c =
£ 2l e
1.5 [+ P
| : -
7 | 1.5
oA £ N
L - 1- e - t [ I 3
o r( ++++++_H_ +F T
: : 0.5 , ,
C . . 0 1 2 0 1. 2
q: (GeV¥/cY) q%(GeV7/c) qA(GeV7/c?)
2.93/fo@3773MeV; R(DY)  R(DY) R(K~) 1 R(K°) R(z=) ' R(x")
3.19/fb @ SM 9.74(1)  2.66(1) 0.975(1) 10.975(1)  0.985(2) 1 0.985(2)
|
41/78MeV BESIII 10.19(52) 3.21(64) 0.974(14) 11.013(29) 0.922(37)1 0.964(45)

Future 20/fb @3773MeV data will improve these test. 20 difference”?
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BESIT s decays for spectroscopy study

D — a¢(980)e™ v, PRrL121(2018)081802 A model-independent way to study the
nature of light scalar mesons proposed by
PRD82(2016)034016
~ R B(DT -5 (980)e T ve)+B(DT - fo(500)et ve)
NS - B(DT —aq(980)0etre)
[
¢ [l
§ 0 R=1.0+0.3 for two-quark description;
?20'\ R=3.0+0.9 for tetraquark description.
We have R>2.7 @0% C.L. at BESIII
[ Which favors the tetraquark description.
Hb——
0.8

M, (GeV/c?) ' U(GeV)

- 7% 0,+
DT — K;(1270)%¢" v, BESI arxiv:1907.11370, accepted by PRL
a0 30
i 1.6} () % 20 ézo
% 14f ; 20 §
Tt g 10 g 1
-3 R = 1
S 5 5
10F . o . = -lsl = -g
000 0.05 000 005 0.0 1012z 14 16 0.10

U, (GeEV) My (GeVicd)

B(DT — K1(1270)%etv,) = (2.30 & 0.26 £ 0.18 £ 0.25) x 103
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BESIT  Studies on D.*—p n and o™

3.19 fb' @E,,, = 4.178 GeV
« understanding the dynamical enhancement of W-annihilation

— Short-distance vs Long-distance

PRD99, 031101(R) (2019) PRD 99, 091101 (R) (2019
4+ daa wr:65.0+£11.6 evts (6.70)
g — _ Flit nal N\D 40 :_ ‘
E oo :\Jckground % (a)
N P M, Sideband s 30 -
S S f
2z T 20¢
g 2 r
< & 10
> Ne’
0.85 0.90 0.95 1.00 i A ety e 0 1
M, (GeV/c?) 0.6 0.7 0.8 0.9
M. ... (GeV/c?)
BF = (1.21+0.101+0.05)x10-3 = (1.77+0.321£0.13)x10-3

BF enhanced BR due to long-distance effect via hadronic loop
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Events/20 MeV/c?
8 & 3

o T

11\4,ton GeVich”
- First measurement (16.20 stat. significance)!
BF(Ds* — ao(980)+(0to(+), ap(980)+(0)— t+(0ln) = (1.46+0.15+0.23)%
Very large BF, compared to other W-annihilation decays
(e.g., Ds—pn/wm are all at 10-3 level).

One interpretation by Yu-Kuo Hsiao et al, arXiv:1909.07327

Evidence for a((980) as tetraquark

Xiao-Rui LYU o) R R 2, 2020
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BESII The A decays
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Chapter 24

Charm baryon production and
decays!

24.1 Introduction

In the past years many new excited charmed baryon states have been discovered by
BaBar, Belle and CLEO. In particular, B factories have provided a very rich source
of charmed baryons both from B decays and from the continuum efe~™ — c¢. A new
chapter for the charmed baryon spectroscopy is opened by the rich mass spectrum and
the relatively narrow widths of the excited states. Experimentally and theoretically, it
is important to identify the quantum numbers of these new states and understand their
properties. Since the pseudoscalar mesons involved in the strong decays of charmed
baryons are soft, the charmed baryon system offers an excellent ground for testing the
ideas and predictions of heavy quark symmetry of the heavy quark and chiral symmetry
of the light quarks.

The observation of the lifetime differences among the charmed mesons D*, D° and
charmed baryons is very interesting since it was realized very early that the naive parton
model gives the same lifetimes for all heavy particles containing a heavy quark @, while

24 Charm baryon production and decays 581 .experimenta.lly, the lifetim.es of ZF a..ud Q0 differ by a factor of six ! fljhis implies the

importance of the underlying mechanisms such as W-exchange and Pauli interference due

24.1 Introduction . . . . .. ... P 311 | to the identical quarks produced in the heavy quark decay and in the wavefunction of the

24.2 Production of charmed baryons at BIE HI e e e e ... ....b82 charmed baryons. With the advent of heavy quark effective theory, it was recognized in

early nineties that nonperturbative corrections to the parton picture can be systematically

24.3 Spectroscopy PR 1 ] expanded in powers of 1/m¢q. Within the QCD-based heavy quark expansion framework,

24.4 Strong d ecays . . . .. X X ... b8sT some phenomenological a.ssurflptlons can be turned mto. some cohgrent and quantitative
statements and nonperturbative effects can be systematically studied.

24.4.1 Strong decays Of S-wave charmed ba.r yons. . . ... ..o 587 Contrary to the significant progress made over the last 20 years or so in the studies

of the heavy meson weak decay, advancement in the arena of heavy baryons is relatively

24.4.2 StI'OIlg decays of p-wave charmed bary ons ... . 589 slow. Nevertheless, the experimental measurements of the charmed baryon hadronic weak

24.5 Lifetimes . . . . . A 514 ) | decays have been pushed to the Cabibbo-suppressed level. Many new data emerged

24.6 Hadronic weak dec AYS . 598 can be used to test a handful of phenomenological models available in the literature.

Apart from the complication due to the presence of three quarks in the baryon, a major

24.6.1 Quark-diagram scheme . . . . ... ... ... ... .........599

24.6.2 Dynamical model calculation . . . N 010 —
24.6.3 Discussions . . . . . . PP 1151
24.6.4 Charm- ﬂavor-conservmg weak decays N 10

24.7 Semileptonic decays . e e oL . 608

24.8 Electromagnetic and Weak Radlatlve decays O 1012
24.8.1 Electromagneticdecays . . . . ... ... ... ............609
24.8.2 Weak radiative decays . . . ... ... ... .............612
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5SI0 Quark model picture

a heavy quark (¢) with an unexcited spin-zero diquark (u-d)

=>» diquark correlation is enhanced by weak Color Magnetic Interaction with a

heavy quark.
e d
u
e

d
& ¢
v
. s

- Charmed meson (D*[cd]) > Strange baryons (A[uds]) - Charmed baryon (A [udc])
my << m,_ = quark + heavy quark m,, my = m, = (qqq) uniform m,, my << m, =2 diquark + quark
(@ Q) (qq) Q)

In some sense, more reliable prediction of heavy-light quark
transition without dealing with light degrees of freedom that
have net spin or isospin.
A} may provide complementary powerful test
on internal dynamics to D/Ds does

Xiao-Rui LYU o) R R 2, 2020 727G




SII 201

N

unif

—
/

0 50 100%
1 1 1 1 ] p— + - H —~— +
| [ [ koo Z7: relative to the decay of £ 2m
Af 0 w0
¢ Mode Fraction (T'; /T’)
::sﬂ:::non ﬂws:;d n No absolute b hing f have been measured.The following are branchin
meas unknow = at ibbo- =— - i E '
- . AK*, 2K, EK* to= & .Cabub;z favored (S = —2) decays — relativeto =~ 7
I P2 Ky 0.087 + 0.021
unknown other ZKm ’
2 =K'nt I AEO,,+
other NKK 40 40 34— =0+ _ —0
PK*K- other EKK I3 3(1385)"K 1.0+05
other N4n KK
o s | otherz3x T4 AK 27" 0.323 + 0.033
other Nam —+ -
o
PR other NE3x 1— Prtetn Ts AK (892)°x+ <0.16
pKon® —F It r ot
pKtrtn ~ 30 & 30 4 yOpepd 6 Z(1385)" K™ n <023
~ 1" —_—

, ' F ool 7 K n 0.94 +0.10
not measured; _{ MR_ g Ty Z'K (892)° 0.81+0.15
total assigned ket [ = -1 Tt
312 x sum of £ Ty Pk 2at 0.27 +0.12
pRom* - and ‘g -
pK-*70 frac- g Tte T'o E0gp+ 0.55 +0.16
: ko 20 = 2 En T
tions PKw = ) IaT! E2xt DEFINEDAS1

. +
okl o - ot <0.10
PR —F L 4 v Decay Modes 0
0O 23+07
S s ¢
:::m‘;zd; Arn'nt Mode Fraction (ri /r) 1.7+05
- 10 10 +0.7
::‘ ‘;%,’,’g"' pK°=° AT, No absolute branching fractions have been measured.The following are branching r 23208
actions A0 .Cabibbo-favored (S = —3) decays - relative to 2 7+ 0.07 + 0.04
T ‘—T Ts e 1042029 021 +0.04
normaliza- v, = el =
tion mode: o T“ Iy skt 120+0.18
50£13% p o 0 e 1, =70 B0 kot 0.68+0.16 0.116 + 0.030
N modes AZ,Emode Ty Bt 2124028 0.48 +0.20
T E K2t 0.63 + 0.09 0.18 + 0.09

o7 E(1530) %k 7t , 5*0— 52t 0.21 +0.06 0.15 + 0.06
I'2 Kt 034+0.11
T3 StK K nt <0.32

e 1724035
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35 /\; threshold production at BESIII

In 2014, BESIII took data above A, pair threshold and run machine
at 4.6GeV with excellent performance.

Energy(GeV) [lum.(1/pb) EM, | PRL101 (2008) 172001
4575 47.67 y M o
4.580 8.54 H} 4 MH f
V W A
4.590 8.16 ‘lf;"';'.;"';.';"';;"';Zj:';_'"'51;"";.'2"+';'.;'"';,.4
M(A} AD) GeV/c®
4600 56793 FIG. 4: The cross section for the exclusive process ee™ —

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

First time to systematically study charmed baryon at threshold!
Xiao-Rui LYU o) R R 2, 2020 27Q




BESIT

Physics output on the A

e Published 17 papers (7 PRLsS)
* ... more will be coming

A7
A7

At 4
At

Hadronic decay
Af > pK~m* + 11 CF hadronic modes
A} —pK'K-, prim
A —nKsn*
AZ—pn, pr?

AY— X mnnd

0 g+

PRL 116, 052001 (2016)
PRL 117, 232002 (2016)
PRL 118, 12001 (2017)
PRD 95, 111102(R) (2017)
PLB 772, 388 (2017)
PLB783, 200 (2018)
PRD99. 032010 (2019)

New gateway to char

One of the highlight BESII| re

Semi-leptonic decay

Med baryon for BES|
Sults!

AF—Aev,
A —Apv,
Inclusive decay
AF —AX
Af—etX
Production

AF A7 cross section

PRL 115, 221805(2015)
PLB 767, 42 (2017)

PRL121, 062003 (2018)
PRL 121 251801(2018)

PRL 120,132001(2018)

Xiao-Rui LYU

o) R R 2, 2020
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BESI[[ Absolute BFs of Ac" hadronic decays

Absolute BF of Ac¢™ decays are still not well determined since its
discovery 30 years ago. PDG2014: 6B/B ~25%; BELLE2014: 6B/B ~4.7%

« Tagging techniqgue @BESIII will provide the most simple and straightforward

measurement 567/pb @ 4.6 GeV PRL 116, 052001 (2016)

Mode This work (%) PDG (%)  BELLEB

oK 15240084003 1154030 _ _— —
1pK nT 58440274023 50413 6844024705

7 ngwo 18740134005 165050
pKST*r™  153+0.11+009 1304035
NDT ¢, pK"7r+7r° 45340234030 3410
B: = NST & | At 12420074003 107+028
Jj Tt :

A7 701+£037+£019 36+£13
AMr~n" 38140244018 26407

0, +
e The absolute BF can be obtained by the ratio . " 12720082005 1052028
L'r 1.184+0.10+0.03 1.00+0.34

of double tag yields to single tag yields. YrirtrT 49540244020 36410

* aglobal least square fit to 12 hadronic Lw 15640204007 2710
modes [Chin. Phys. C37(2013)106201]

v" First direct measurement on Ac BFs at threshold
v' B(pK~n"): BESIII precision comparable with Belle’s
v Improved precisions of the other 11 modes significantly

Xiao-Rui LYU o) R R 2, 2020 20



BESII BF for A.">Ae'v,

@ A\l — Netweis ac — slty dominated process. The tagging method and
@ Urgently needed for LQCD calculations. missing-mass technique at
threshold. ‘(p)
@ No direct absolute measurement for B(Af — Ae*v,) available. o V. T .
X A0
B(AF — Aetre) = (2.1+06)%  PDG 2014 \ “Y

Semi-L\épu{nic mode

11 hadronic single tag modes are used ot Y

?5*30_ PRL 115, 221805 (2015) / ‘ot
= 0l 567/pb @ 4.6 GeV
§ /é ST mode
g 10~
= L L
02 01 U(:niss (Gg'\17) o2 B(A] —> Ae'v,)=(3.631£0.38+£0.20)%

» First absolute measurement of the semi-leptonic decay
» Statistics limited

> Best precision to date: twofold improvement

» We also measure the muonic mode [PLB 767, 42 (2017)]

Xiao-Rui LYU o) R R 2, 2020 21



BES]]I The first Lattice calculation on A" SL decays

week ending
24 FEBRUARY 2017

PRL 118, 082001 (2017)

PHYSICAL REVIEW LETTERS

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 | December 2016; published 21 February 2017)

O Input the measured BFs from BESII|

B(A. = Aty,) = { e endiinie Triggered by BESII

0.0349(46)(27), £ = .
O The first LQCD calculations on BFs and form factors

B(A‘ - Af+l//) = {

0.0380(19), gep(11),, . £=e,
0.0369(19) oep(11),, . €=,

0.20 . Y

-

v’ The first determination of |V | based on
1 BFs of A" Al*vymeasured by BESIII

0.951(24) ocp(14),, (56)5, £ =e,
Vool = { 0.947(28) (1), (72)5. € =,
0.949(24), ocp(14), (49)5. £ = e.p.

a
=015
&
T —A. = Aety,
z 010} A 4
= ' -=Ae=Apty,
S |
= |7% 0054
==
=2 [
0.00 ' L L 1 1 '
0.0 0.2 0.4 0.6 0.8 1.0
2 srv xr2
¢* (GeV?)

Xiao-Rui LYU

ha v More data on At will be collected at BESIII

o) R R 2, 2020




BESIT A. decay asymmetries

PRD100, 072004 (2019) ==
« 4(6)-fold angular analysis of the cascade decays of

Ac = pKs, Arnt, 2770 and 2%zt based on 567/pb data

p A=A = w0}

& —_> Jt c

| 4, - g ¥ (a) T
A B0 A+ D + Q = a s .
A, VA | — - 7~ 2 60 @ 30,
9 <P <
40, 20

\
| &
4

=

20|

CM frame A rest frame

3_
g
w
@ﬁ
g
2
&
S
&
A rest frame A rest frame @
AT = ‘ pKg AnT 2+:IT‘U S0t -1 05 0 05 9 1
—T.0[16], 0.51 [11][—0.70 [16], —0.67 [11]| 0.71[16], 0.92 [11]| 0.70 [16], 0.92 [11] €0sYy
—0.49 [10], —0.90 [10] |—0.95 [10], —0.99 [10]| 0.79 [10] —0.49 [10]| 0.78 [10], —0.49 [10]
Predicted | —0.49 [17], —0.97 [18] [—0.96 [17], —0.95 [15]| 0.83 [17], 0.43 [15]| 0.83 [17], 0.43 [1g]
Az —0.66 [19], —0.90 [30]|—0.99 [19], —0.86 [30]| 0.39 [19], —0.76 [30]| 0.39 [19], —0.76 [30] : —_—
“Br —0.99 [20], —0.91 [31]|—0.99 [20], —0.94 [31]|—0.31 [20], —0.47 [31] |—0.31 [20], —0.47 [31] sin A= 0.28 + 0.13 + 0.03
PDG [] —0.91£0.15 —0.45£0.32
This work| 0.18+0.43+0.14 | —0.80+0.11+0.02 | —0.57£0.10+0.07 | —0.73 £+ 0.17 £ 0.07

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

Xiao-Rui LYU o) R R 2, 2020 22



BGSI[[ A theoretical Framework for Charmed Hadrons

from Fu-Sheng Yu

« Topological diagrams + Symmetries + Experimental inputs
= to understand the decaying dynamics, predicting

double-charm baryon decays, CPV, etc. (predictive power)

— A7 branching fractions used for global analysis
= Eft > AYK ntmt and Efnt are large enough for observation.

A BL p - T

Br(Af > p®)/IVus|* =2 % =» Br(E4 - ZI*K?) = O(%)
[PRL 117, 232002 (2016)] *

=+ S

Large enough for observation

A7 BFs from BESIII » Stronger predictive power
Xiao-Rui LYU o) R R 2, 2020 24



Vaa Vas Vb ocaoa [ 002% 03% 12%
o(Vekm)

VCKM -— \/(:d \/(7:\' \/(',h s T vs ~ 4% 2% 2%
VekMm
Via Vs Vib 7% 7% 3%
A - Vi |? -
B( b~ Pi Vu) I th % G(Ab —r Pl U}l)
B(A, = A pvy) | Ve |? G(Ay, = A vy)
Measure this experimentally Get this from theory
Nature Physics 11, 743 (2015)
Source Relative u _— /(L
B(A} - pK™n™)
Trigger e - ¥ 5
Tracking 3.0 * B(pK ™) quoted BELLE’s result
A} selection efficiency 3.0
A) — N*u~v, shapes 2.3
A} lifetime 1.5  10x A, data = <2%
Isolation 1.4
Form factor 1.0
;\2 kinematics 0.5
g*> migration 0.4
PID 0.2
Total +:3

Xiao-Rui LYU o) R R 2, 2020 25



BESIL Yet unknowns

* Many of the following modes are not measured (~40%)

— most of the semileptonic (SL) modes

— the singly Cabibbo-Suppressed (CS) and doubly CS hadronic
modes

— the neutron- and K -involved channels

* Amplitude analysis of the three- and four-body decays
— 1mportant to study the excited hyperons

1t 3%t
— to study the decay types of B (E ) V and B(E )P

— not much have been done yet

Xiao-Rui LYU o) R R 2, 2020 2R



BESII

FUTURE
o

Xiao-Rui LYU o) R R 2, 2020 27



BESIT

From BESIII physics (yellow) book to BESIII white paper

2008 2020

Chinese Physics C

CHINESE PuysicaL Sociery g 10P Publishing

M. Ablikim et al, Chin. Phys. C 44 040001 (2020)
D. Asner et al, Int. J. Mod. Phys. A 24, S1(2009) 1)1 10108816741 137/04/4/040001

Xiao-Rui LYU o) R R 2, 2020 29



BESIT High precision charm physics at thresholds

Observables | Exp. measure| BESII | Belle-ll LHCb

B(D* - W) fD|Vcd| 1.1% 1.4%
B(DY — Iv) ooVl 10%  1.0% N/A Belle: 2.5%
B(D* - Iv) folVeal 1.0% 1.4% N/A
BODF > Iv) FosVes]
dr(D - ntlv)/dq?®  fpon(O|V.gl  0.6% 1.0% N/A
dr(D - Kv)/dq®  frox(O)|V.s]  0.5% 0.9% N/A
dr(Ds » K)/dq?  frsox O[Veal  1.3% N/A N/A
dl(Ds = ¢lv)dq*  fpsg(0)|Vesl 1.0% N/A N/A

BESIII: 20fb! @ 3770 MeV, 6fb' @ 4180 MeV (BESIII physics book)
Belle-ll: 50 ab' @ Y(4S) arXiv: 1808.10567 (Belle-ll physics book)
LHCb: : arXiv:1808.08865 for upgrade-Il

Xiao-Rui LYU o) R R 2, 2020 20



BESIL  Charmed baryon thresholds

e
ARl %isw %H{ y
| AR E \

BESIII Energy upgrade plan:
4.6 GeV - 4.7 GeV(Done!) > 4.9 GeV (by 2020)

Xiao-Rui LYU o) R R 2, 2020 a0



BESII Approved data taking
between 4.6~4.7 GeV in 2020

* We hope to accumulate ~10x more A, pairs (~1M)

* Irreplaceable sample to systematically refresh the
whole A, knowledge and impact relevant theoretical
and experimental studies

* Collected data at energy points:
4.61 GeV (~100/pb), 4.626 GeV (~500/pb),
4.64 GeV (~500/pb), 4.66 GeV (~500/pb),
4.68 GeV (~500/pb), 4.70 GeV (~500/pb)
* These data can also be used to study XYZ
physics, such as Y(4630/4660)

Xiao-Rui LYU o) R R 2, 2020 a1



Xiao-Rui LYU

B Impacts on A, decay data

D} BRANCHING RATIOS

A number of older, now obsolete results have been omitted. They may be

found in earlier editions.

modes
I (e* semileptonic) /Toral

This is the purely ¥ semileptonic branching fraction: the e* fraction from =

has been subtracted off. The sum of our (non

with an 7, o/, &, KO, or K*0 —is 5.99 + 0.3]

VALUE (units 10-2) EVTS DOCUMENT 1

6.52:+0.39+0.15 536 = 29 L ASNER 10

Lusing the DY and DO lifetimes, ASNER 10 fi
semileptonic widths is 0.828 + 0.051 =+ 0.025.

TECN
CLEO

s that the ratif

[ (x+ anything) /Fyotal
Events with two 71's count twice, etc. Bufnt's from K
included.
VALUE (units 10~2) DOCUMENT 1D TECN
119.31.20.7 DOBBS 9 CLEO
I (=~ anything) /Tyoral
Events with two 7 's count twice, etc. Buflw s from KY

included.
VALUE (units 10~2)
43.2+0.9+03

I (x© anything) /Feotal

DOCUMENT D
DOBBS 9

TECN
CLEO

(CLEOC

., dominants the
< D, Branching
s Fraction

""" measurements.
(Sys. Err.
Dominates CF
modes. Many
SCS&DCS

r/r

re not

Events with two 70’s count twice, etc. But = from K .1320.06 OUR FIT Error includes scale factor of 1.1,
VALUE (units 10-2) pocumento l  recn 0.73+:0.09:0.16 464 AVERY 94 CLE2 ete™ = T(35),T(45)
123.4+3.8+5.3 DOBBS 9 CLEO
I (K- anything) /T r(ﬂp"’)/r(pk‘r"') F30/T2
(K~ anything) /Ttotal
2 — IMEN VAWE 0000 % DOCUMENT ID TECN = COMMENT
VALUE (units 10 <) DOCUMENT 1D
18.740.5+0.2 DOBES 9 at 4170 MeV <095 95 AVERY 94 CLE2 eTe” = T(35),7T(45)
I (K+anything) /Motal F(Ax=27%) /Tiotal Ty /I
YALUE (units 10 ) DOCUMENT D 3  TECW VALUE (%) EVTS DOCUMENT ID TECN _ COMMENT
20.9:+0.6::0.3 DOBEBS 9 CLEO efge™ at 4170 MeV 3.61£0.29 OUR FIT  Error includes scale factor of ]
I (K anything) /Fyotar 7T 3.8140.2440.18 609 ABLIKIM 16 | BES3 o — A A, 4599 GeV
VALUE (units 10-2) DOCUMENT ID. TECN _ CAMIMENT 4
19.0+1.0404 DOBBS 9 CLEO efle at 4170 MeV I'(Aar 2"l'+)/r(PK W+) M31/T2
} VALUE EVTS DOCUMENT ID TECN _ COMMENT
I (n anything) /Ttotal Fs/T 0.58 +0.06 OUR FIT Error includes scale factor of 2.0.
This ratio includes 7 particles from 7 decays. 0.522+0.032 OUR AVERAGE
—2) /- MEN / VIMER =
_ =0 DOCUMENT IR TEch JOUMENT 0.508-+0.024+0.024 1356 LINK 05F FOCS -~ nucleus, E., = 180 GeV
29.942.241.7 DOBBS 09 cLEO [fe— at 4170 Mev Lo i
* * » We do not use the following data for averagellfits, limits, etcfle o 0.65 +0.11 £0.12 289 AVERY 91 CLEO eTe” 105 GeV
235431420 674 + 91 HUANG 068 CLEO fke DOBBS 09 0.82 £0.29 £0.27 44 ANJOS 90 E691  ~Be 70-260 GeV
i 0.94 +0.41 £0.13 10 BARLAG 90D NA32 7~ 230 GeV
I (w anything) /Fiotal To/T 061 £016 £0.04 105 ALBRECHT ~ 88c ARG ete— 10 GeV
VALUE (units 10—~) DOCUMENT ID | TECN
6.1+1.4+0.3 DOBBS 9 CLEO e~ at 4170 MeV r(r(lm)+1r+ = A:r*),fr(/nFZ'n'*) l32/Ta
I (' anything) /T totai o/ VALUE DOCUMENT 1D TECN  COMMENT
VALUE (units 10-2) EVTS pocument o W TECN 0.28+0.100.08 LINK 05F FOCS - nucleus, f.' = 180 GeV
10.3+1.4 OUR AVERAGE Error includes scale factli of 1.1. ‘
8.8+£1.8+05 68 ABLIKIM 5z BES3 adf pb—1, 4009 MeV —rt yE— - -t
11.7£1.740.7 DOBBS 9 CLEO effe— at 4170 Mev r(£(1385)"2rF, £*7 — An~) /[ (Ax~277) M33/T31
e @ @ We do not use the following data for averagedllfits, limits, etc. VALUE DOCUMENT 1D TECN =~ COMMENT —
8.7+1.9+08 68 HUANG 68 CLEO Sl DOBBS 09 0.2140.030.02 LINK 05F FOCS ~ nucleus, E., = 180 GeV
I (f5(980) anything, fo — 7+ =) /T I r -
’( 0(980) JY‘ 8. fo : )/Total ‘ 11/ [ (Ax+ )T (An27%) M34/Ta1
VALUE (units 10-2) s DOCUMENT 1D reev  clment
— = g VALUE DOCUMENT 1D TECN  COMMENT
<13 90 DOBBS 9 CLEO effe— at 4170 Mev —
0.40+0.1240.12 LINK 05F FOCS ~ nucleus, E. =~ 180 GeV
I (¢ anything) /Tiotal M2/l ‘
VALUE (units 10-2) Evrs DOCUMENT 1 reen EoMMENT F(}_'(1385)+p°, I o Ant) T (A= 2nt) I35/T31
15.7+0.8::0.6 DOBBS 09 CLEO [fe— at 4170 MeV VALUE DOCUMENT 1D TECN  COMMENT
e = o We do not use the following data for averagesllfits, limits, etcfle o o 0' 14-40.0900.07 e —
16.141.2+1.1 398 + 27 HUANG 068 CLEO fe DOBBS 09 . . ) LINK 05F FOCS  nudleus, £ = 160 GeV
I (K+ K~ anything)/Total T13/T I (Ax~ 2" nonresonant) /T (Ax—27%) l36/T31
VALUE (units 10—2) DOCUMENT ID TECN _ CMENT VALUE Ly DOCUMENT ID TECN  COMMENT
15.8+0.640.3 DOBES At 4170 Mev 05F FOCS -~ nucleus, E., =~ 180 GeV

BT R T2, 2020

Baryon Particle Listings

+
c

(Ar)/r (K1)
VALUE CL% EVTS DOCUMENT 1D TECN
0.208+0.009 QUR FIT  Error includes scale factor of 1.2,

0.204+0.019 OUR AVERAGE

0.2174+0.013£0.020 750 LINK 05F FOCS
0.18 £0.03 £0.04 ALBRECHT 92 ARG
018 £0.03 =0.03 87 AVERY 91 CLEO

<0.33 90
<0.16 90

(Ax+ 70) /T eotal

VALUE (% _EVTS DOCUMENT ID
.0 £0.4 OURFIT Error includes scale factor of
7.01+0.37+0.19 1497 ABLIKIM 16

(At #0) /T (pK~ =)

VALUE EVTS

ANJOS 90 E691
ALBRECHT 88C ARG

TECN

DOCUMENT 1D

= o We do not use the following data for averages, fits, limits, etc. » o

COMMEN,

l2g/M2

COMMENT

7 nucleus, E. = 180 GeV
eTe =104 GeV
eTe” 10.5 GeV

~Be 70-260 GeV
eT e~ 10 GeV

)
— AcAg, 4.599 GeV

M29/M2

TECN COMMENT

Can BESIII \
dominate A, ?
Most Brs are
Stat. Error
dominated.
Many SCS
&DCS modes
NOT
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BESII Prospects on semi-leptonic decays

« (Cleanest way to access the dynamics inside charmed baryon

15

A2 pKe'v,

0.2

Xiao-Rui LYU

37.6+7.0
~50 significange

0 0.1

LJmiss (GeV)

o) R R 2, 2020

50 -

Mode Expected rate (%) | Relative uncertainty (%)
AF S Al 3.6 [94, 95| 3.3
A = ATy 0.7 [96, 97] 10
AT - NKeTv, 0.7 [96] 10 L first
Af - Ernlty 0.7 [96] 10 measurement
A = netv, 0.2 [94, 98, 99] 17
MC: 0.5M A, pairs MC: AT>Emervy
100 — SOM Ac

40

30

20

10

-0.2
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BESIT A, hadronic decay

- Systematically study channels via
W-exchange c

Important ingredient contribution to explain the life
times of A, D% and D+ [PDG2017]:

>

The =(20026)x 1015 5 oo =(410.1£1.5)x105 s Tp, =(1040+7)x 101 s

v It is expected that the W-exchange (no helicity suppression)
mechanism plays an important role in A.* decays.

v Important to study the only W-exchanges A * decays: clean and
straightforward

BFs in PDG 2017
Acr>EK* (5.0+1.2) x10°° BESIII will systematically study
Act>AK- | (1.09+0.25) x102 | and precisely measure their
Ao > TKK (3.6£0.4) x10°2 branching fractions.
ActDZH0 (4.0+0.6) x1073

Xiao-Rui LYU TR R R 4, 2020 44



BESII Cabibbo-Suppressed A decays

« Many measurements are
absent.

« Cabibbo-suppressed (CS)
processes are essential
for flavor SU(3) symmetry
and its breaking

e, W-exchange

Xiao-Rui LYU

Modes
0

nmt

P

'
x\ [\' t
YUK
YKV

I"’“

pw

/)(,'J

np?
AV
YUK
DR

Attr

AO 77”
3“77‘

Representation
A [—4((' ~ C + By~ B) - 35(Eas —+—21«:1,.)]
/\,,[ (T +C" + Eyp — B) ﬁ/ﬁw]
)\,,[ 5(C' = C = Eya + B) + 5%(2E:s — Ey, )](()so
')\ LO'sing
A,,[ S(C' = C = Eyy + B) +
I\ (Ccos o
ﬁ\_ 2T+ C' + 2B — 2E,4)

\L‘(+‘-I-]

Ass ( {\“ lls
,[ (C'—C + By \fu)f'—(/\w/“)}

S (2Ers — By )] sin ¢

/\,,[ L ~C'+C + Eaa— B) - 55(- Is¢)ll\)]
Al
A,,[(H( + Eaa — B) - 5B, ]
)

5e s (2T + C" + 2B — 2E

e L"‘l’”( f L‘/]
Ass Q( " 4 /\,/,1 ﬁ I’;ls
Aaakrs
Ma(Ers — Ezs)/V6
Add 15'.'5'/ V3
Mad(Evs + Esg) cos 6/v6
Aad(E1s {1 ¢)sing/v6
Add B2 s/\/()
/\,,,,15._\-/\/3

(1.24 +£0.30) x 107*

(0.61 £0.12) x 1073
(0.52 £ 0.08) x 103

(9.4 +3.9) x 101
(1.04 £0.21) x 103

(3.6 +£1.0) x 1073

o W) P R R 2

o=, 2020

CS BF: Order of 1073 or below




BESIT predictions and Measurements

Hai-Yang Cheng etc, arXiv: 1801.08625

Sharma et al. Uppal et al. Chen et al. Lu et al. Geng et al. This work  Expt

[24] [41] [42] [25] [26] [in units of 10°] [7, 19]
A} — pr® 0.2 0.1-0.2 0.11-0.36 048 0.56+0.15  0.08 <0.277?
AF = pn 0.24(1.7)" 0.3 1.244+041 128 1.24+0.29
AF = pyf 0.4-0.6 0.04-0.2 1.2270% ?
A}F = nrt 0.4 0.8-0.9 0.10-0.21  0.97 0.27 ?
AF - AK+ 1.4 1.2 0.18-0.39 046 +0.09 1.06 0.61+0.12
Af -5 20K 0.4-0.6 0.2-0.8 0.40+0.08 0.72 0.52+0.08
Af - ETKO 0.9-1.2 0.4-0.8 0.80 £0.16 1.44 ?

« Measuring the decay BFs of these decay channels can
provide important data for understanding the W-exchange
and non-factorizable mechanism.

Xiao-Rui LYU TR R R 4, 2020 46



BESIT SU(3) symmetry test in A, CS decays

* Based on (broken) SU(3) symmetry, there are predicted branching fractions of

SCS channels

10*B(Af — ©TK?)

10*B(Af — OK™)
10°B(AF — pn?)
10*B(Af — nat)

10*B(Af — A°KT)

SU(3)
8.0+ 1.6

(4.0 £0.8)1
5.7+ 1.5
11.3 +£2.9

(4.6 £0.9)1

Broken SU(3)
104 +1.5

(5.2+£0.7)7
5.441.0
10.7+1.9

(6.1 £0.9)7

PRD97, 073006 (2018); EPJC78, 593 (2018)

Exp./PDG

5.2+0.8

<2.7

6.1+1.2

2M A, pairs needed
to statistically
guarantee the test
on the SU(3) effect.

* Crucial test using larger A, data set will be important to find large SU(3)
breaking effect in SCS decays
=» Useful input to search CPV in charmed baryon sector
[PRDS86, 014023(2012); JHEP 1210, 161 (2012)]

* No observations of A, —» AK™, pr® and nmt™: important channels to test SU(3)

symmetry by examining

Xiao-Rui LYU

B(A.—~Nm)

B(A.~AK*)

o) R R 2, 2020
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BESII Other relevant topics

« A hadronic weak decays

v’ Decay asymmetry parameters in A," two-body decays, A, 2BP/BV
which can be used to study the relative phase between S-wave and P-wave decays
- Exclusive decays containing neutron or K,°
v’ First observation of A;* =2nr*, nK*, na*n’, nK*n°, etc

It can provides a good test on isospin/SU(3) symmetry by combing the
measurements of the A.* decays proton channels.

4 AC+ 9pKSO/KLO, ,OKSOEO/KLOHTO, etc

F(A = pKQ) —T(AS — pKD)
F(AE = pKQ) + T(AS — pKD)

Helps to explore KP-K, 9 asymmetry in A,* decays.

R

[Fu-Sheng Yu, arXiv: 1709.09873]

« Weak radiative decays
First evidence or observation of A,*2yX*and yp

The BF for A,*2y2* is predicted to be 2.8x 10~ [PRD47,2858(1993)]
Xiao-Rui LYU TR R R 4, 2020 48



BESII Prospects on weak decay asymmetry

first or improved measurements of decay asymmetry

+
parameters the following modes A} — B(% )+P

aw 1 _ 2Re(S'P)
dcosH_2(1+aAca #050) a_|S\2+|P|2
Decay Ko6rner Xu Cheng Ivanov  Zenczykowski Sharma Geng Expt.
Al - An* -0.70 -0.67 -0.99 -0.95 -0.95 -0.99 -099 -0.87+0.10 -091+0.15
-0.80 £ 0.11!
A — pK° -1.0 051 -0.90 -0.49 -0.97 -0.66 -0.99 -0.90*0%2 0.18 +£0.45'
Al - 2n* 070 092 -049 0.78 0.43 0.39 -0.31 -035+027 -0.73+0.18'
Af - I 070 092 -049 0.78 0.43 0.39 -0.31 -035+0.27 -0.45+032
-0.57 £0.12!
Al - X% 0.33 0.55 0 -0.91 -0.40 + 0.47
Al - -0.45 -0.05 -0.91 0.78 1.00f0°:‘,"7)
A} - E°K? 0 0 0 0 0 O.94j°0~‘1’?

* Advantages for threshold measurement
* Spin correlations of A pairs near threshold production
* Most of the modes involve photon final states

* We will provide rigid tests on the theoretical calculations

Xiao-Rui LYU o) R R 2, 2020

Future
BESIII
precision

0.03
0.10
0.05

0.03

first meas.
first meas.

~ first meas.
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B(YB — AC/_\C)
B(Yg — ¢(2S)ntn—)
Phys.Rev.Lett. 104 (2010) 132005
: B(Ys » D°D*1*)
arXiv:0807.4458 ; +
0.5;— AA- Q§ ++}|. B(Ygs - Y(2S)m
:.l..ll,,.|.§|,.,+|.iiﬂ‘w++ﬂ,+&f+*

¢ 38 4 42 44 46 48 5
s, GeV/c®

= 2547,

. <10
T7) bpg

* Y (4660) baryonic coupling > 10 mesonic
coupling (unexpected!)

* Another missing large mesonic decay?
Or Y(4660) 1s a charmed baryonium?



BESII

Lineshape of eTe™ > ALAC

0.8

e Belle
064 | ® BESIII

by Giuilo |

Belle: PRL101, 172001 (2008)
BESIIl: PRL120,132001(2018)

T I T I ¥ I L]
4.55 4.60 4.65 4.70 475

« Some tension between BELLE and BESIII dataon ete™ —
ATAZ

* BESIII future data above 4.6 GeV will follow a sharp rise of
the Y (4660) or a flat cross section near threshold?

51



BESIT 4.6~4.9 GeV

{ Y(4630)=Y(4660)? Z (4430) in e*e > n*ny’'? Z,, exists?

100 — ’ ...... ———— Belle: PRD91, 112007 (2015), 980/fb Z_. related to D_.D*/D,*D/

3 BaBar: PRD89, 111103 (2014), 520/fb > ?
7 “ E Belle: PRL101, 172001 (2008), 695/fb D, D thresholds
E 50 “ H 15_ 'lvxv'_.
o2 ||H | “ ﬂ i{ [ = ete 9K+K J/\V ]
‘; 0 H I h # H{ﬂ#}} ﬁhﬂ ot Pl bt 0.6 — :% 10F —
: | | - |
) 55 2 04 Q 5: { ]
% i 5f .
T | R
70E T T 0'2: + + *1» + 0 [ hl} + + *++ + +++++ + +‘;‘.H“_g|
6ot of M £ a5 5 55 6
g %f 45 461 47 48 49 5 51 52 53 5.4 E, (GeV)
o wf M(A] AY) GeV/c™ — —
*i —
IOy | Search for Z (¢ cu s)
T 20 Belle, Y(4630) 4634+8-7+5-8 92+40_24+10_21 in K+ K_J/W, K+ DS_D ,
9 Belle, Y(4660) 4652+10+8 68+11+1 K*Ds"D, and K*Dy-D*
" a2 e ae '4.8E”(f' vs)z 54 Babar,Y(4660) 4669+21+3 104+48+10 | final states. >

Xiao-Rui LYU o) R R 2, 2020 B9



BESIT Future data taking proposals

A simple reference table (can be modified according to
future machine status)

L AL i L

Energy Physics motivations Current data Expected final data Tc | Ty
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fb—! 15 fb~1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YT A, cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y.X. cross-section N/A 1.0 fb~1 120/50 days
4.95 GeV E. decays N/A 1.0 fb~! 130/50 days
i ACAC .5, Belle data for charmed baryon
0.6 ) PRL 101, 172001 (2008)
2 0.4 __ :CEC
= -
6 - +
I ﬂ H W + ! f }
o _ __ i ol LI t HJ”:JFHH
1 11 l 11 11 l 11 11 l 11 1 1 l 11 11 l 11 1 m 11 1 1 l 11 11 l 11 1 1
4.5 4.6 4.7 4.8 4.9 ) 5.1 5.2 53 5.4
M(AT AQ) GeVv/c®

Xiao-Rui LYU o) R R 2, 2020 | ~p¢ ]



BESIL Proposals of the Super Tau-Charm
Factory (STCF)

Crab Sextupole

Injector

Damping
Wiggler

Damping
nggler

Drift channel
e- 1.5 GeV Linac

As— 24 for 1.5 GeV

- mode N\
X Klystrons—12
Polarized e- Gun Length—96 m

. 1GeV Linac

Damping
/ AS-16 : Wiggler
Compressor  Klystrons— 8 Damping
e- Photogun Kistrons-— 8 ameine
1nC,3ps
AE/E ~0.5%
[ (total charge) @ Debuncher ' '
uper-CT Project \
e+ 1.5 GeV Linac e+ 1-1.5 GeV

—_ AS-24

] L] . .
I n R u Ss I a Thermionic  Kiystrons—12 Total number of accelerating structures: 104
\ Gun Length—96 m

e-1 GeV + 1.5 Gev Linacs Klystron number: 52

AS—16+24 Totallength of the linacs: ~440 m
Klystron -8 + 12

Lot 73 e 96 m energy of 1.5 -2.5(3) GeV
Xiao-Rui LYU o) R R 2, 2020 BA



BCSII Prospects at the STCF

Data samples with 1 ab™ integral luminosity

STCF Belle 11
Data Set| process o /nb N ST eftf./%| ST N |o/nb N Tag N

J/ - — 1.0 x 107 - - - - -
U(25) - ~ 13.0 x 10" - - - - -
DY | D"D%3.77) |~ 3.6 |36 x 10| 108 [0.78 x 10°| — |[1.4 x 10’ -
DY |DYD(3.77)|~ 2.8 | 2.8 x 10° 94 |0.53 x 10| — |7.7 x 10° -
D, D.Dz(4.18) [~ 0.9 [ 0.9 x 10° 6.0 [0.11 x 10°| — |2.5 x 10° ~
+ TH77(3.68) |~ 2.4 | 2.4 x 10° - - 0.9 (0.9 x 107 -
T rH77(4.25) |~ 3.6 | 3.5 x 10° - - - - -

A. A:A.(4.64) |~ 06 |55 x 10° 50 0.55 x 10°| — [1.6 x 10° |3.6 x 10"

The luminosity is 1.0 ab—!. * process ete~ — D®*)—prt AL,

« Belle-ll (50/ab) has 50~100 times more statistics
«  STCF is expected to have higher detection efficiency
- STCF has low backgrounds for productions at threshold

Xiao-Rui LYU o) R R 2, 2020 BER



BESIT

Xiao-Rui LYU

- — m e —— = — —— B

BESIH STCF Belle H
Luminosity  2.92fb~1 at3.773GeV 1ab ! at3.773GeV 50 ab~! at Y(nS)
B(D" — N+Vy) 5.1%:stat. 1-6%syst. [6] 0.28%stat. -
fD+ (MeV) 2. 6%stat 0. 9%syst [6] 0.15%stat. -
Vel 2.6%stat. 1. O%Syst [6] 0.15%stat. -
B > 7'v) W 10%]y [7] 0.41%4a. -
BD 2TV g 10%.5, [7] 0.50%ar, -

BD* - utv,)

Luminosity 3.2fb 1 at4.178 GeV 1 ab~! at4.009 GeV 50 ab~! at Y(nS)
BD; — p'vy)  2.8%star. 2.7%syst. (8] 0.30%stat. 0.8%stat. 1.8 %syst.
fD;’ (MeV) 1.5%stat. 1.6%syst. [8] 0.15%stat. -

[Vesl 1.5%stat. 1.6%syst. [8] 0.15%stat. -

fD;*/fD+ 3.0%stat. 1. 5%syst [8] 0.21%stat. -

B(D: - T+VT) 2. 2%stat 2. 6%syst. 0-24%stat. 0-6%stat. 2-7%syst.

fp: MeV) 1.1%¢t 1. S%Syst_ 0.11%g4:. -

Vel 1.1%sar, 1.5% 0.11%sat -

—Diff (MCV) O 9%Stat 1 O%SySt. O-Og%stat. 0-3%stat. 1-0%syst.

—u&

Ve | 0.9%star. 1.0% s, 0.09%stat. -

B(D; - 17v,)

B (D; .y +v;) 3.6%stat. 3. O%Syst_ 0.38%¢at. 0.9%jtat. 3.2%syst.
oY R B £, 2020




BESII Determination of v/¢; angle in CKM

STCF will provide complementary information on the strong
phase and allow detailed comparisons in different models

Decay mode Quantity of interest

D — Kdntn~ ci and s;

1.51171]1171] lllll L I 1'5F """" [TT TR TTITTT ]

[ | excluded area has CL > 0.95 "‘a% [ [excudedareabas CL>095 @1 ]

Y \% [ Y% . ]
o : E | . until 2040 0K+ K- and s;
1.0 % Am, & Amg 101 3 Y i D - KKK ¢; and s;

] D — K*r¥rtr— R,%
0.5 -

D> KtK—nrn™ ¢; and s;

IS 00

Do rtante™ F, orc; and s;

05 D — K*nFq0 R,6
D - KIK=r+ R,5
1.0 ] S—
r % SN RS <0 1 : ol weos2<0 Do nrn”m £y
[ Summer18 (excl. atCL>0.95) - - Prasel ! (excl. atCL > 0.95)
- Covww vy ! L L B I A l v s b By ] 0.+ — 0 . .
1'§1 0 -0.5 0.0 0.5 1.0 15 2.0 4'?1_0 05 0.0 05 1.0 1.5 2.0 D— Ksﬂ. Tm F+’ ¢; and s;
P p D KTKn° Fy
D — K*rF b
Xiao-Rui LYU o) R R 2, 2020 g7



35S Charmed Baryons at STCF

Charmed baryons are produced via eTe™ — Bj.Bs. with B;. = ninyc

@ @ Structure ~ J* Mass, MV~ Width MeV  Decay
A} ude 1/2)t 2286.46+0.14 (200+6)fs  weak

: (1/2)
= use ()2t 467.810¢  (4424+26)fs  weak
‘ @ =0 dsc  (1/2)t 47088703 1127 fs  weak
_— L LH O wue  (1/2)Y 454024018 2234030 Afrt
‘ X Lt ude  (1/2)F 24529404 <46 Afr®
\\& X0 dde  (1/2)* 245376+0.18 22404 Afr-
Cx g use  (1/2)t  2575.6+3.1 By
S =0 dsc  (1/2) 25779429 =0y
0 ssc (1/2)F 26052417  (69+12)fs  weak
Lt wue  (3/2)Y 25184+06  149+19  Afrt
 Systematic measurement of D ude  (32)F BIT5E23 <17 A
absolute decay BFs with well N0 dde  (3/2)F 25180405  161+21  Arr
controlled systematics and low 2w (32 459%5 <31 Ea
bac kg rounds e dsc  (3/2)Y 26459405 <55 B
(0 ssc (3/2)  2765.9+2.0 00

Xiao-Rui LYU o) R R 2, 2020 BEQ



BESII

Xiao-Rui LYU

Summary and Outlook

The charm program at BESIII 1s well proceeding.

Near threshold production 1s unique to directly measure the

decay properties of the charmed hadrons, such as D, Ds, A,

» Most precise measurements of decay constant and form
factors

> Firstly mapping out the full picture of A, decay patterns.

More data will be accumulated 1n the future 5-10 years

» To improve our knowledge on NPQCD in charmed
region

Opportunities to study =, @4.95 GeV

More comprehensive precision studies will be promising at

STCF

o) R R 2, 2020 5O



BESIT

Thank you!

I |

Xiao-Rui LYU o) R R 2, 2020 G0



70

60 E— |
o Belle, PRL113, 042002 (2014,
S0 Integrated luminosity « 50} ~ 3000r G )
b % | Signal tags:
N3 Intermediate | 2 36447+432
,0f  Machine/detector X goals < 20008 @ 978/fb
commissioning l summer % L P
10 "\ shutdowns «— 10p o
okt @ 1000
x107° g . /
6
Jem2s . Instgntapeous 0
45_ luminosity 2000~  (b) WS sample
2 1000
C | " — | | | B
02016 2018 2020 2022 2024 0, 2.1 22 2.3 24 2.5

Xiao-Rui

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

Belle tags ~36K A¥, while BESIII now tags 15K A (567/pb@4.6GeV)
By middle of 2019, BELLEII will have 5/ab data, 5x of BELLE data;
= 180K tagged Af;

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

Many precise measurements at BESIII will reach to the level of
systematic dominated

= BESIIlI has advantages on backgrounds and systematics

LYU o) R R 2, 2020 G1



BESII World campaign on the Af

BESIII Belle(-1l) LHCb

A? total yields * %k Kk * % kK K % Kk H ok
S/B ratio 1 0.8 0.8 ¢ * % * %
Systematic error 8.8 & 8¢ * %k Kk * *
Systematic research 8.8 & 8¢ * %k Kk *
Semi-leptonic mode 8. 8.8 8 ¢ * %k *
n/K -involved mode 1. 8.8.8.8 ¢ * ke
Photon final state 8. 8.8 & ¢ * % Kk AT
Absolute measurement = kkk k% * kK AT

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

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

Xiao-Rui LYU o) R R 2, 2020 R?



BESIT

arXiv: 1802.03421

Measurement of the Decays A, — X7 at Belle

PP PNPNNN o 0O f PO L o

-4
22 000 204 206 208 23 2032 244 236 248 24

°
2
2 250
o
@ 200
c
(0]
>
w150
100
50
0..
B 4
R
Xiao-Rui LYU
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BESII Future Facilities for Charm study

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

% Upgrade la Upgrade Ib [ Upgrade II P

STCF -

70¢ LHCb Current — Upgrade | —— Upgrade I—

& 227 -
3 E 3 d B
60F- 3 2
3 Goal of Belle 11/SuperKEKB 2203 300
sof = 18] 1 8
E g £
E 40~ G 167 {50 3
o - - - i |
= £ 143 ]
O E 200
20F =12 - N a %
- C © 3 -
10F =10 - 4 150 £
b ! 8] .
x10%5 g o —100
6 E A
2 o 50
g : 2—: :
2 P EIT T Sa— o s RPN B URPRP 1Y
3 g 2010 2015 2020 2025 2030 2035
2

o L. i 1 1 1 1 1
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Xiao-Rui LYU o) R R 2, 2020 GA



I Charmed baryons
productions

from Marek Karliner

In the charmed baryon system, the light quarks are more
Belle, arXiv:1706.06791

like di-quarks
A;}_(C[Ud]spin=0)7 Ec(c[’u’d]spinzl)

Ao(2595)
Ao(2625)

o/ (2J+1) (pb)

The spin-0 diquarks: "good" diquarks
The spin-1 one : "bad" diquarks.
The bad diquarks are heavier. So if the hadronization i zc(za;g""“

107! poa e b b by b by aa s by
2.2 23 24 25 26 27 2.8

from the initial (ccbar) proceeds in one step, by attaching ane (Gee"

-
T

diquarks, it will provide a simple and natural explanation for

the fact that the A, cross section is much bigger than that of X..

Then how about the behaves at the threshold, and to test it at BESIII
will be very interesting!

Xiao-Rui LYU o) R R 2, 2020 (4%



