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Hadronic decay 2014 : 0.567 fb! at 4.6 GeV
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Session I: Chair Prof. fal/\jll (LEi83BAZ)

08:30  Opening 10’
Speaker: Prof. Xiao-Rui Lyu (University of Chinese Academy of Sciences)
08:40 (RERTEPIREFERABHINN) EAWMBCER 307
Speaker: Prof. Haiping Peng (University and science and Technology of China)
Material: | slides |
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Speaker: Prof. Haiping Peng (University and science and Technology of China)
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Session II: Chair Prof. Bi%& (FEFRIZFEFRAZE)
BT
BRNERN FEERTRE FNEE FE SRR 207

Location:
10:20
Speaker: Prof. Hailong Ma (Institute of High Energy Physics, CAS)

Material: | slides ﬁ

10:40 REXRFTPIDEERABHICRIRTLR 207
Speaker: Prof. Liaoyuan Dong (Institute of High Energy Physics, CAS)

Material: Slides '@

11:00 RFFREPRRFMAFAFEEIERIRECR 20
Speaker: Prof. Liang Sun (Wuhan University)

Material: Slides '@

120 RAFERTEMLQCDITHE 20’
Speaker: Prof. #l& X (Institute of High Energy Physics, CAS)

Material: | slides ﬁ

11:40  FHEWEPHIEERISE 20’
Speaker: #iE £ (Institute of High Energy Physics, CAS)

Material: | slides ﬁ
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BESII FAc# #3248 FEARKS)
BESIIEAc 58T AR 5T B IS G K5)
*  Study of Ac decays with a neutron in the final state at BESIII FRHE (F L oK)
«  Amplitude analysis framework TF-PWA and its application in Af - An*r® ¥ 2 (EHFK)
BESHI B T2l AW 7 FIEI (R ITK)
«  BESIILED -> PHR A5 LTI RE)
«  BESIIED -> VERIELHF 7T 5K 1o e (1R K5)
«  BESHI E8S THfA PR R A% F-(IHEP, CAS)
«  BESII E&5a 1 #i A A/ -4k L Lo (EBUR )
«  Amplitude Analyses of multibody hadronic D%* Decays at BESIII i%& (4 F K 2F)
«  BESIHI L2417 DCSFEAM 7T EESVEETIMIRE)
*  BESHIEDUYF Z ks34 1) kg7 A P9 (THEP, CAS)
*  Two-Body Hadronic D) Decays at BESIII FLLER(FER)
*  BESIHI 289758 TR AR LR 79 S L il & Bk (HBUR )
BESHI DS & R BAH I & KT (R R)
«  BESII_ED(s)* 3 At 55 Al e 22 X T (2P K 5F)
*  Physics via open charm production at BESIII ZEER R (22 RE)
Charm physics at Belle (II) AR KF)
Charm physics at LHCb Miroslav Saur(Jt 5 K52)
Input for gamma measurements from BESIII JAEER (e Imia K a)
Prospect of charm physics at STCF 25 R (] R TR )
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2E F (104
e Charm-Flavor-Conserving Weak Decays of Charmed Baryons: A Story That Has Lasted 30
Years FRIEZ (P HFRR)
* Equivalent SU(3) flavor approaches for two-body anti-triplet charmed baryon decays
R AT (L P T K )

« A data-driven approach to charmed baryon weak decays RER(BrERY)
* Mixing effects of .- E, in charm baryon decays XA (BB E )
* Flavor sum rules for charmed hadron weak decays 3 (A T T Y R )
* Recent progress in SU(3) symmetry and its breaking effects in charm baryon decays
AR EMS (TDLI&SITU)
* Baryons in the light-front approach: the three-quark picture ARG (N 5 T K5
o IS T HUH B E 51U T L QCD T AT FREEARCEMKF)
e Charmed baryon 2, decays from lattice QCD gk H22 (ALA)

« BETARIGRAT, > S hWAH B LR A5 MBI R T TR %)
ﬁ?ﬁ& (41)

Polarization puzzles in D — VV X 55 (IHEP)
* Exclusive weak decays of strange-charm mesons with the LCSRs form factors
R L G RE R 57
* Semileptonic decay of charm hadron FRILAT (B E K 52)
e Three and Four Body Semileptonic D Meson Decays Based on SU(3) Flavor Analysis
F L (LPEITIE R )
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BESIII, LHCb, Belle (lI) ... GlueX, Compass, ...
h hbeam ha
1
J/¥, D,B, ...

s X hpn—1
h'n -1 hn,
hy,
htarget hrecoil

Hadron Spectroscopy (51%)

* Newly observed a0(1817) as the scaling point of constructing the scalar meson

spectroscopy Dan Guo (== K2%)
* Repercussion of the a0(1710) [a0(1817)] resonance and future developments
HKSLT (BT
e The study of the singly anti-charmed pentaquark production in b-factory
IR 2 (K )

 Prediction of a 0~ exotic state and its possible detection Z2 &5 (ITP, CAS)
 Charmonium-like states in the DD — D.D, coupled-channel system

AW (ITP, CAS)
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BESIII data sample

2009: 106M y(2S5)

225M J/w E‘OZF e BESII2015 « BESII 2012
2010: 975 pb-! at y(3770) §1°5;” e BESIII 2014 e BESII 2011
2011: 2.9 fo-! (total) at y(3770) |DV/* 10 | —— SND (2011 +2012) —— BES (1999 + 2004
482 pb-1 at 401 GeV 10 |~ FENICE (1991 + 1993y—=— DM2 (1984)
2012: 0458 (total) (25) CrW At = RN
1.3B (total) J/y Wl b Sl | B | .
2013: 1092 pb-! at 4.23 GeV RN AT >
826 pb-1at 4.26 GeV i i tee L
540 pb-1 at 4.36 GeV 107°H28° % oo | P
10 X 50 pb-! scan 3.81 — 4.42 GeV I
2014: 1029 pb-! at 4.42 GeV Energy scan in 2014-2015 at BESII <" ©
110 pb-! at 4.47 GeV
110 pb—l at 453 GCV Nsubmitted = 489, Npublished = 458
AR ph-! at 4 575 GeV BESIII Publication
567 pb-1 at 4.6 GeV /12- 80 We are approaching 500 submissions!

2016: ~3fb-1at4.18 GeV (for Dy) s

0.8 fb-l R-scan 3.85 — 4.59 GeV -
2015: R-scan 2 — 3 GeV +2.175 GeV o
D+
2017: 7 x 500 pb-! scan 4.19 — 427 GeV |~ S
2018: more J// (and tuning new RF cavity) 4
2019: 10B (total) J/w 3
8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV 2
2020: 3.8 fo-! scan 4.61-4.7 GeV | 47 | I I II I I
2021: 2 fb-! scan 4.74-4.95 GeV: | 2.55B 1(2S) o = 1 I

<

<

(=]

<

0
2022 5 1 fb-] at lp(3770) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
T 0 ubmi ublishe
2023: ~8 fb-! will be taken at p(3770) D%/ * -
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Feature of threshold data

* Meson and Baryon pair-productions near thresholds:
form-factors in the time-like production, precision branching fractions, relative phase;

* Quantum-entangled pair productions of charmed mesons

e Baryon spin polarization in quantum entangled productions Excellent resolution
Beam-constraint A; mass
Known initial 4-momentum YT — pup “— :
Known beam energy: pair productions Single tag .-~ >- § i
v e ] i
Decay with neutron & m° © = 10001
Decay with invisibles: neutrinos , *§ 500
Missing mass or missing ener ‘p - ‘
g g 8y o v T P 225 2.26 2.27 2.28 2.29 2.3
x @)/‘ M, (GeV/c?)
machine-learning algorithms? \‘ /
Missing mass v }}1 oo \ 30 C AT T et
C 1%

Neutrino reconstruction

Z
: &
80" -
g ¢ — 20 |
2 60° =
@ 2 S
a @2
2 40¢ = 10[-
g = [}
3 r >
Z E =
2 I l
: y K TR TR 0.2 0.1 0 0.1 0.2
02 01 . . Unniss
M2, [GeV/c*] ©® (GelV)
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Charm hadron decays

_ K*
®
t Si I sid Tag \ A BN
WE/H+ ignal side /. .d:-
, n_ f / / ..¢
€ et P(3770) o € e’ A8 T —
Tag side _ L )i
m D 3 7{
ignal
* D+/ \ 0
2.93/tb at Y(3770) X /f s y(?) 0.567/fb at 4.6 GeV

f.(a?)

Semi Leptonic

Take V,, from fits to CKM Similar to leptonic decay but now | Models of hadromc decay
assuming unitarity and measure f | q (= four-momentum of W) Isospin

dependent * SU(3) flavour

Different amplitudes T, P, A, E
Long and short distance effects

Precise test of lattice QCD in

charm and extrapolate to beauty | Test QCD models of the form
factor
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Planned future data set

Table 7.1:  List of data samples collected by BESIII/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (7¢) or upgraded (7Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

to be complete
in 2022-24

Energy ‘ Physics motivations | Current data ‘ Expected final data ‘ Tec | Ty
1.8-2.0 GeV R values N/A 0.1 fb~! 60/50 days
Nucleon cross-sections (fine scan)
2.0-3.1 GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J J/1 peak Light hadron & Glueball 3.2 b1 3.2 1 N/A
J /1 decays (10 billion) (10 billion)
1 (3686) peak | Light hadron & Glueball 0.67 b1 4.5 fh~! 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
¥ (3770) peak D°/D¥ decays 2.9 fh~1 200 -1 <] 610/360 days
3.8-4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 fb~1 6 fh—! 140/50 days

XY Z/Open charm

XY Z/Open charm

4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 b1 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 15 b1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV Y FA- cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y., cross-section N/A 1.0 fh~1! 120/50 days
4.95 GeV =, decays N/A 1.0 b1 130/50 days

~55 fb-
future: SOM D% S0M D*, 15M Ds, 2M Ac
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Data taking ot y(3770)

PSi(3770) Planed lum.| Finished lum. | Will be Integrated luminosity (pb-?) vs date
data taking P i finished lum. e

(fb-1) o W(3770)
2010, 2011 29 29 3

E 1500

2021-2022 5 5 = o0
2022-2023 6 4.2 3.5~4 o e
2023-2024 6.1 4.4-39 S
total 20 12.1 79

* About 3.5~4 fb-1 data will be collected in the remaining 100 days

* About 2 ~ 3 months may be saved in next run period

More data taking proposals in 2024

> We will implement BEPCII upgrade in July, 2024 - 7#=w QEPC"/,A\

* Data taking proposals for the remaining 2-3
months need to be seriously discussed and
optimized.
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BESIIl data @3770 MeV (2.93 fb'! =» 20 fb!)

from Haiping
BESIICRAREFRENE BOL Determination of v/, angle

S EERETT|V oo ) (O R EMBES IR NBERES

S — Runs Collected / Expected ~Year v/é3
S BT — e ;nggrlated luminosity ;gtazined Zensitivitl
e T ; , i BESIII
o AL . LHCb Run-2 [13TeV] 5! 018 4 0/fb:
PDG18, D"’y 0.214£0.003£0.009  =a= ?Et‘l"iaeﬁi% Belle 11 Run 50 ab-1 2025 150 :
CLEO PRD78,052003, D pv+tv  0.218+0.009+0.003 - LHCb upgrade I [14 TeV] 50 fb_l 2030 < 10 Q:(YJ TO.4
S LHCb upgrade IT [14 TeV] 300 b~ (>)2035 <04° — STCFis
BESIII PRL123,211802, D" —»1tv 0.237+0.024+0.012 2 S(y g . - needed!
g\l Three methods for exploiting interference (choice of D2 decay modes):
-1
20fb BESIIl PRD89,051104, D' >yv O Gronau, London, Wyler (GLW): Use CP eigenstates of D) decay,
fiRg e.g. D2 > K0, DO ntm-
\7755:" Elxpimld (2‘0"1‘)'0,_)? O Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays, e.g. D%-> Kz -
B g v ‘7'1 OE2 — With 1ab™' @ STCF : 6(c0s8xs) ~0.007; 0(8g,) ~2° D o(y) <0.5°

o O Giri, Grossman, Soffer, Zupan (GGSZ): Use Dalitz plot analysis of 3-body D° decays,

BESHI&%ZO fb—lwmmkﬁwwgﬁg e.g. K;n7; high statistics; need precise Dalitz model
1

— STCF reduces the contribution of D Dalitz model to a level of ~0.1°

BESIII BESIII Belle Belle II
Luminosity 2.9 fb ' at3.773 GeV 20 fb ' at3.773 GeV 1ab ' at Y(nS) 50 ab ' at Y(nS)
B(D* - u*v,) 5.1%q1a11.6%4y50[4] 1.9%g1a1,1.3%ys, - 3.0%1a11.8%4y0 [54]

fp(MeV) 2.6%q131 0.9%4y, [4] 1.0%101 0.8%qys, - -
Vel 2.6%stat,1.0%0 5, [4] 1.0%s1ar.0.8%gys1 - -
B(D* > 1*vy) 20%stat,13%sys. [5] 80sa15osys. } -
AR 20%gtat13%syst [5] 8%gtat S%osyst. 5 ?

2pes 2023FBESIILZszFIEMYs , 58 15



Proposal of the upgrade BEPCII °

1x103F

v An upgrade of BEPCII (BEPCII-U) has been e,
approved in July 2021:
the optimized energy is 2.35 GeV with
luminosity 3 times higher than current BEPCII
and extend the maximum energy to 5.6 GeV

—~
[

T, 8x 10%

-2
S

BEPCII
6x10%1

4% 10%}

Peak luminosity (cm

2x 102} P
L]
o0 : , .
2.0 3.0 4.0 5.0 5.6
— Ecm (GeV)
— —
[ p—
Q.0
—— 3-loop pQC
DE = 4.69 — §.98 GeV S T
Integrated Iiminosity 13.7 pb?! i 5 s e

17 energy ints

oo

4.0 as so 55 6.0 6.5 7.0
M)

Cover all the ground-state charmed baryons: production & decays, CPV search
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Integrated Recorded Luminosity (1/fb)
|

Complementary to LHCb and Belle (II)

LHCb run3 and Belle Il begin new data taking

from Miroslav Saur

2.3 - 2018 (6.5 TeV): 2.19 /ib

: N 2017 (6.5+2.51 TeV): 1.71 /tb + 0.10 /ib l' 201 8 2 '1 2
2.1 o 2016 (6.5 TeV): 1.67 /b :

2015 (6.5 TeV): 0.33 /b i _/‘
1.8 . 2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /ib
2010 (3.5 TeV): 0.04 /b

2017

1.6

1.4

0.7 : r—

0.5
/7

il (P R—p———
R/Iar May Jul Sep Nov
Month of year

2 700 LHCb Preliminary
E 5 Run 3 Data
2 —F— Run 254869
§ 500 23nb" p=0.1
E a5 with PID selection
o Full model
300 & A ... D’ - Kt
200 Comb. bkg
100
1800 1850 1900 1950
M, , (K'") (MeV)
O RS
=RE

-2

Peak Luminosity [x10*°cm s™']

from Uik

10 ' Y 60
— | peak(Target)

8 e nt. L[ab-1] 50

40
6 -

30
4

41 20
21 110
0 .
2019 2024 2029 2034
Summary

¢ The first measurements of Agli}‘ and A, for singly Cabibbo-suppressed (SCS) decays
of charmed baryons [Af >AK* and AI—»EOK*'] at Belle.

« The observation of A¢(2910)*—X¢(2455)%++xt at Belle
* The evidence for Q2 - E~K* at Belle

+ Measurements of D, A}, and Q0 lifetimes at Belle IT
SuperKEKB achieved world record peak luminosity: 4.7 x 10% cm2s-!

Belle II collected ~ 428 fb! of data
Stay tuned for more results!!
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from Huijing LI Future faClllty

Super Tau-Charm Facility (STCF) in China

Energy range: E., =2 - 7 GeV

et daiﬁping ring § Storage ring: 800m

Tl Data sample produced per year

X . X . 5 T s S CME (GeV) | Lumi (ab™1) Samples o(mb) | No. of Events Remarks
> Peaking luminosity: > 0.5x10° cm? s! @ 4 GeV 3097 1 17 3400 | 34x107
3.670 1 7" 24 24x10°
» Potential to increase luminosity & realize beam polarization 66 : #(3686) o0 64 11%‘;

. T . S X

, W(3686) — 11 2.0x 10°
> Total cost: 5.5B RMB I 6 X107
D*D- 2.8 2.8x10°

3.770 1 D°D° 7.9 x 108 Single tag

D*D~ 55x10% Single tag
il 29 2.9 x10°

DD + c.c 4.0 14x10° CPpopo = +
DD° + c.c 4.0 2.6% 10° CPpopo = —

4.009 ! DDy 0.20 2.0x 108
Tt 35 3.5x10°
100 times m tatistics than BESII|

I eS Ore S a IS ICS an 4.180 1 D*D;+c.c. 1.3x108 Single tag
T 3.6 3.6 x 10°
Jlyntn 0.085 8.5x 107
4.230 1 7" 36 3.6x10°

¥X(3872)

Y(3686)n ™ 0.058 5.8x 107
4.360 ! T 35 3.5 10°
W(3686)rtn~ 0.040 40x107
2l ! 7" 3.5 3.5x10°
Y(3686) ™ 0.033 33x107
we . Ach. 0.56 5.6 108

Al 6.4 x 107 Single tag
i 34 3.4x10°

4.0-7.0 3 300-point scan with 10 MeV steps, 1 fb~/point
>:5 2-7 Several ab™! of high-energy data, details dependent on scan results
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SR =4 20 o 1 e 31 22 4

i (P EBHEEFOR RS+ penghp@uste.edu.cn
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