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Selected topics

 Light hadrons: glueballs & more

e XYZ particles: Y(4260), X(3872), Zcs(3985)

* Charm decays: CKM, decay constants, form factors, LFU
* Hadronic corrections to muon g-2 : HPV & HLbL

e Baryons: form factors & polarization



Charmonium decays provide an ideal lab for light hadron physics

* Clean high statistics data samples
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What’s the role of gluonic excitation and ®q qqaq

how does it connect to the confinement? F(J/t = 4G) ~ 0(aa2), F(J/tb = vH) ~ O(aa),

F(J/¢Y — vM) ~ O(cm ), T (J/¢p = F) ~ O(f}f}f)



Scalar glueball candidate

T(J/¢P — vGo+) = a2 |E,(0)|? = 0.35(8)keV

27 M2
I'/To = 0.33(7)/93.2 = 3 8(9) x 1073

CLQCD, Phys. Rev. Lett. 110, 021601 (2013)
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Experimental results

»B(J/y > 1f,(1710) > yKK)=(8.57§2) x 10~*
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fo(1710) largely overlapped with scalar glueball



Recent interpretations

Scalar isoscalar mesons and the scalar glueball from Scalar and tensor resonances in J/ radiative
radiative .J /1) decays in J /1 radiativ

decays
Andrey V. Sarantsev, Igor Denisenko, Ulrike Thoma, Eberhard Klempt
JPAC Collaboration: A. Rodas, A. Pilloni, M. Albaladejo, C. Fernandez-Ramirez, V.

A coupled-channel analysis of BESIII data on radiative .J /1) decays into 7, KK, m Mathieu, A. P. Szczepaniak

and w¢ has been performed. The partial-wave amplitude is constrained by a large

number of further data. The analysis finds ten isoscalar scalar mesons. Their masses, We perform a systematic analysis of the J /¢ — ’yTrO?TO and — vKgKg partial
widths and decay modes are determined. The scalar mesons are interpreted as mainly waves measured by BESIII. We use a large set of amplitude parametrizations to reduce
SU(3)-singlet and mainly octet states. Octet isoscalar scalar states are observed with the model bias. We determine the physical properties of seven scalar and tensor
significant yields only in the 1500-2100\,MeV mass region. Singlet scalar mesons are resonances in the 1-2.5 GeV mass range. These include the well known f0(150()) and
produced over a wide mass range but their yield peaks in the same mass region. The fo(1710), that are considered to be the primary glueball candidates. The hierarchy of
peak is interpreted as scalar glueball. Its mass and width are determined to M = 1865 resonance couplings determined from this analysis favors the latier as the one with ihie
\er254_“_}lg {\rm MeV} and I' = 370\er507;, {\rm MeV}, its yield in radiative J /% decays largest glueball componeiit.

to (5.8 &+ 1.0) 1073,

Comments: 17 pages, 11 figures + 28 pages of Supplemental Material

Comments: 11 pages, 4 figures Subjects:  High Energy Physics - Phenomenology (hep-ph); High Energy Physics - Experiment (hep-
Subjects: High Energy Physics - Phenomenology (hep-ph) ex); Nuclear Theory (nucl-th)
DO 10.1016/j.physletb.2021.136227 Citeas:  arXiv:2110.00027 [hep-ph]

Cite as: arxiv:2103.09680 [hep-ph]

To-do:
Implement coupled channel analysis in BESIII analysis
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Any relations? What is the role of the pp threshold ?
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Charmonium and exotics at BESIII
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Y(4260) =» Y(4220) and new Y’s

PRL118, 092001 (2017)—
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More X(3872) decay information

* Observation of X(3872) >n%y * Transition of X(3872) — yJ/y, y(2S)
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'he Zc Family at BESIII
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Observation of the Z . (3985)*
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Pure leptonic decay
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* Decay constant fD(+)
S

CKMfitt
Exp. decay rate + |Vcs(d)| Jutter — calibrate LQCD @charm & extrapolate to Beauty

* CKM matrix element ‘Vcs(d)‘
Exp. decay rate + LQCD - CKM matrix elements 18
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BESIII results

Mode

B(DS — tv;)

B(DS — utv,)

a7
TV = 7t D,
7Tt = eftv.i,

(5.29 +0.25 £+ 0.20)%
(5.21 £0.25 +0.17)%
(5.27 +0.10 £0.12)%

(0.535 +0.013 + 0.016)%

00fy

0 05 1
t Data

— Best fit
¢ Non-D, background(BG)

5 " D —K{m BG

---- Signal + all BGs

Average

(5.26 & 0.09 =+ 0.09)%

(0.535 +0.013 + 0.016)%

D, -1 (—e'v .V )v,_ signal

Combining our results with world averages

BD;I—_>T+VT/BD;|—_>M+VM — 972 :l: 037

No LFU violation is found with the current precision

SM prediction 9.75 + 0.01
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Input |V, | = 0.97320 + 0.00011 from CKM global fit

foilVes| = (244.4 £ 2.3 + 2.9)MeV

Input f Dt = 249 9 1+ 0.5 from LQCD calculations (FLAVG19)

I T | T I T I ] I T I T | T I 1 T ] | J T T T T T T I |
PTEP2020(2020)083C01 0.97320+0.00011 a
ETM(2+1+1) PRDY1(2015)054507 247.2+4.1 e E{l[?[l:f |t{er R 0.96920.010
FMILC(2+1+1)  PRDY8(2018)074512 249.9+0.4 . V18 2P| 2021)22 969+, .
FLAG19(2+1+1) arXiv:1902.08191 [hep-lat] 249.9+0.5 .
CLEO PRD79(2009)052002, T,v 0.981+0.044:0.021 (]
HFLAV1S EPJC81(2021)226 254.5+3.2 bl CLEO PRDS0(2009)112004, t,v 1.00140.052+0.019 e
CLEO PRD79(2009)052002, T,v 251.8+11.245.3 —e—i CLEO PRD79(2009)052001, T.v 1.079+0.068+0.016 e
CLEO PRD80(2009)112004, TV 257.0+13.3+5.0 —— BaBar PRD82(2010)091103, 1, v 0.95310.03310.047 H+H
CLEO PRD79(2009)052001, Tt v 277.1£17.524.0 —— JHEP09(2013)139, T v
BaBar PRDS82(2010)091103, T, v 244.618.6+12.0  H—e—H Belle 1 PRD94(2016:072004 LOI7:0.019:0.028 "
Belle JHEP09(2013)139, t,, v 261.1+4.8+7.2 HeH BESIII 0.482 fb : f;‘ 6) e Ky 0.95610.069:0.020 =4
BESIII 0.482 fly!  PRD94(2016)072004, v 24554178451 F . CLEO PRD79(2009)052001, pv 1.000+0.040+0.016 (=
CLEO PRD79(2009)052001, [1v 256.7+10.2+4.0 ——i BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 ke
BaBar PRD$82(2010)091103, v 264.9+8.4+7.6 H—e—H Belle JHEP09(2013)139, pv 0.969+0.02610.019 1]
Belle JHEP09(2013)139, pv 248.816.6+4.8 ot BESIII 3.2 fb’! PRL122(2019)071802, pv 0.985+0.014+0.014 Il
BESIII 3.2 fb-l PRL122(2019)071802, pv 253.0+3.713.6 e O SO OO S BSPSUOPPO
"""""""""""""""""""""" e BESIII 6.3 fb’! PRD104(2021)052009, j1v 0.973+0.012+0.015 "
BESIII 6.3 fb ]:Rl)lﬂ-l(;.’ﬂzl D().‘:l(]l)‘), [TRY 249.8+3.0£3.9 HeH BESIII 6.3 fb.l PRD104(2021)052009, T_v 0.972+0.023+0.016 sl
EEEH{ 2 g ffﬁ }’23:31(62;5;1)32(")9' ]'l::: Z?‘Eﬁ‘ﬁj‘ﬁ " * BESIII 6.3 fb™ PRD104(2021)032001, T 0.9800.023+0.019 ™
BESIII 6.3 fb™! PRL122(2021)071802, r;\- 251.1+2.4+3.0 el BESIII 6.3 fb! PRL122(2021)071802 T,V 0.978+0.009+0.012 M
Bls.Slll 6.3 Th LV + TV 250.6+1.7+2.0 M Combined BESIII 6.3 b uvl+ W 0.976+0.007+0.008 -| Combined
| ] | ] | ] | ] | [ | ] | ] | | | l l | ] ] | ] ] | | |

0

100
fp: [MeV]

200

300

Most precise measurement

1
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Semi-leptonic decay

drl’ GZ 3 0 (). 1
707 = X5 1@ Veaeo|” (X =1 for K=, 7, K%, X =2 forn?)

 Analyze exp. partial decay rates = g? dependence of f X(®)(q?), extract
f.Xm(0) with |V g | Mfteras input ---- calibrate QCD
* Exp. + LQCD calculation of f,“(0) and f,*(0) 2 V4 ---- constrain CKM



Events/(6 MeV)

First observation of D* ->nuv,

2.93fb~1@E,,, = 3.773GeV
ete” - Y(3770) -» DD

80} F'u{l_qzrcgion -0l 0'<§<0.25' GeV¥e Sl ().'2;'tsq3<li.5 GeV/ct ]
60 (a) (b) (¢c)
15F 15F
40 10} 10}
20} st | {1 s}
0 *‘Lﬂ Tr: o : () ,,.54:! hlﬂixﬂ 0
0.5<¢<0.75 GeV¥c4 0.75<¢*<1.0 GeV?/c?
20f (g 1 20} "o 1 20
15} 15F 15F
10} 10} ) 10}
S5F 5F \ 5 i
0 =1 00 o1 %01 00 01 Y01 00 o1
Umiss ((;EV) Umiss ((;EV) Umiss ((;EV)
No. of single tags: (1522.5+2.1)X103
No. of double tags: 234 £ 22
T L L L 1-0 L L L AL I L AL R L
_ (a) (b)
,;'"L 1.0} <Data A 0.8 ]
z —Fit
c
“% 0.5|f 5
|
= 0.2} .
00 05 10 15 0005 10 15

¢ (GeV/cH)

¢ (GeVH Y

BESIII: PRL 124, 231801 (2020)

B[D* -» nu*v] = (0.104 + 0.010 + 0.005)%

Rpy

[[D* - nu'v]

= =0.911+0.13

F[D* - netv]

(SM prediction: 0.93-0.96)

£2(0) V4| = 0.087(08)(02)

RQM PRD101,013004 0.55+ ]

ccamMm Front.Phys14,64401 0.36+0.05 =—i

ccam PRD98,114031 0.67+0.11 ——

LFQM JPG39,025005 0.7 1+0.01 -

LCSR PRD88.034023 0.55+0.05 il

LCSR JHEP1511,138 0.4310.1 7 =———ifi—

LCSR IJMPA21,6125 0.56+0.06 ——

CLEOc (mev) PRD84,032001 0.38+0.03 -

BESIII (nev) PRD97,092009 0.35+0.03 ==

BESIII (mpv) PRL124,231801 0.39+0.04 -

b o v v e by v s bv v v b v by v v e by v by by
-0.8 -0.6 -0.4 -0.2+ 0 0.2 04 0.6 038

()
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Selected topics

 Light hadrons: glueballs & more

e XYZ particles: Y(4260), X(3872), Zcs(3985)

* Charm decays: CKM, decay constants, form factors, LFU
e Hadronic corrections to muon g-2: HPV & HLbL

e Baryons: form factors & polarization



Standard Model contributions to muon g-2

[”u = a,(QED) + a,(Weak) + (:“(Hadr(mi(')]

e o 116584 718.9(1) x 10" 0.001 ppm
Weak
- ... 153.6 (1.0) x 10~ 0.01 ppm
pv' Z .AL
Hadronic...
...Vacuum Polarization (HVP) 6845 (40) x 10~ 0.37 ppin
a - [0.6%)]
...Light-by-Light (HLbL)
g, e 92 (18) x 107" 0.15 ppm
a e+ [20%]

R

From Xu Feng

BNL g-2 o
FNAL g-2 - Py
| N
< 420 )
. P
Standard Model Experiment
Average
175 180 185 190 195 200 205 210 215
9
a,x 10" - 1165900
25

Uncertainty: dominated by strong interactions



1 [e.e]
HVP _ ds K
A = | RO KE) Tuaa(®)

BESIII contributions to HVP

c"had.'(s) = G"tot(e‘i.e_ — Hadrons)
relevant mass range < 2...3 GeV

all channels Uncertainties

additional channels =LBGEY cont"butlons

<1.8GeV

t  BESIII Preliminary t  BESIII Preliminary

K IBELN [Bes]y

¥.4 K all channels W i SND N TE*’ﬂ:'T[OTEO
> 1.8 GeV & i CMD2 2 40 .

il e i bm2 é:

T 7T 7T additional channels < 3 [PaBec °: 2
I £ BESH |+
VT +, 5 -

T e T2
'QJ £
-, &
© 5

f ~.z_..L';"*f”TTtL ?

i..
BESTT) . LmT .
BES]]I T WY
BESII 2% 6w My -rozs | GeV
7T+7T 7T+7T
7T+7T 7T0
= —— — — CMD-2 03,06  372.4 +3.0
w_ E E S]I[ v —— SND 04 371.7 £ 5.0
= o s CLEO 18 376.9 +6.3
« E — BaBar 09 376.7 + 2.7
- e Y KLOE18
ee D>’ VISR 20 = avg. of KLOE0gH w12 966.9 £2.1
18- —_— BESIII 16 368.2 +2.5 + 3.3
E 2.9 fb'1 @3773MeV BGS]I[
o~ A BESIII (Updated) 368.2 + 1.5 + 3.3
PR IR ST SR T R | P TT T N R S N Lo
06 0.65 07 V_T:g*:ev] 08 0.85 0.9 [ I ._._I. | I IBESIII (Flu‘lure) I3682 t(I)_T £99
; ; ; 360 365 370 375 380 385 390 395 400 405
Great achievement with coming 20 fb-1 @3773 MeV a™(600-900 MeV) [10™] ”

From Achim



BESIII contribution to Hadronic light-by-light scattering: transition form factors

Data-driven approach! iw

Exp. Input: Transition Form Factors TFF F(Q?)
momentum transfer Q2 below ~ 2 GeV?

Q

Meson —= q o

vy * — ! 77,77 7TO7TO T KK

Estimate of (g-2) Theory Initiative:
(9.2+1.8 ) 10

was (10.5+2.6)-101°

020 Status of hadronic light-by-light contribution

I [ pQCD Asymptotic limit
LO --

2.9 fb-1 @3773MeV

Mainz21 (+ charm-loop) ———— Ab-initio lattice QCD+QED
CELLO RBC/UKQCD19 Py ; O:|:+ 2:F_1_

A
+ charm-lco
v  CLEO g i 0
WP20 data-driven - Data-driven 2
% S m ® BESIII dispersive " n
e e
| BABAR WP20
* Belle
ol
0 ‘ I T I ‘ ‘ ‘ ‘ 0 20 40 60 80 100 120 140 160
0 2 4 6 ] a:ILbLXIOII
Q* (GeV?)

PPNP107 (2019) 20 .
Large data sample at 3.773 GeV: 20 fb-1(coming soon)

Large data sample in high energy point: 4.0 — 5.6 GeV 27



Selected topics

 Light hadrons: glueballs& more

e XYZ particles: Y(4260), X(3872), Zcs(3985)

* Charm decays: CKM, decay constants, form factors, LFU
e Hadronic corrections to muon g-2: HPV & HLbL

e Baryons: form factors & polarization



0g (Pb)

Oscillation Structure in neutron Form Factor

arXiv:2103.12486, accepted in Nature Physics

10 g—
E ¢ e BESII
= DM2 (1991)
£ FENICE (1998)
: SND (2014)
10° ¢ 1 »  SND (2019)
C i“.;;
o i
: ts t
; ot
107 £ t5s ¢ @ =
. ’ :
10 - | $ ﬁﬁ 5
E 4 t
| Y- TSNS WU NN U ST S| [T TN AN TN NN VAN IR [N T VRS R (R PR CHRTI
1.8 2 2.2 2.4 2.6 2.8 3
s (GeV)

fel

0.7 —
e e BESII
osE | = DM2 (1991) =
= FENICE (1998) .
& SND (2014) .
05F | »  SND (2019) ]
0.4 } —
oaf _ =
E iy .
0.2 4 *k T —]
. 3 @ |
0.1 '*o.. . -]
. e o e
0 P of S T | NI Y I SN T SN TN (SN TR T TR (SN DO Al i
1.8 2 2.2 2.4 2.6 2.8 3
s (GeV)

* a similar periodic structure of [G.¢¢| as proton

* Simultaneous fit to |G.rr| of neutron and proton
yields a shared frequency 5.55 + 0.28 GeV 1

* alarge phase difference Ab°%¢ = |b2p

(125 £ 12)°

osc

— b

oSsC| —
2n | —

(;u.-sf:(qg) = |(;n| - G.D"‘e
1

Gp-=Gp

1+ &7
“ 0.35 —
Gp = A E e  BESIII: (this work) 1
1 q2 2 03 — — . Fit with GI* =
0.71(GeVE) E o oy =35+ 0.1 ]
025 m2 = 47839146.0 +- 1.4 GeV> ]
E o x2/ndf = 64.7/16 ]
_ 02f \ ----- Fit with G =
g E 3 t Ty =354-0.1
0.15F ¢ \* x2/ndf = 64.9/16 -
bl ok :
E & §§§\Q 4 ]
E 3 — n
0.05 : \.\ =]
s ——c-gdih__
0 o P - e g 5 ¢ Faioa o boge a5
1.8 2 22 2.4 2.6 2.8 3
s (GeV)
0.08
L] BESIII: nn i
0.06 — BaBar: ppy,, (2013) [12] ;
- e Simultaneous Fit: Proton i
0.04 — [ _ — — Simultaneous Fit: Neutron—]
0021 | | | t -
O] M\ R L Tk ]
0 j,{ ‘l |5, /( AR A T S
:'![ 'v' .,_‘y,*._'." 1 1 :
-0.02 j ¥ } H/ ey ]
—0.04 [ =
PU TS TR AR, IS T N | NP T T [ T AT T [N S S T LI S T
2 22 24 26 28 3
s [GeV]
29

Flp) = biree™ TP cos(b5p + b5%)



Weak phase and CP-symmetry tests in sequential
decays of entangled E¥E~ pairs

arXiv:2105.11155

T - / p Parameter This work Previous result
nt e Oty 0.586+0.012+0.010 0.580.04£0.08  [39]
- T
§+//' A AD 1.21340.046 £0.016 rad -
" < oz —0.376 £0.007 £ 0.003 —0.401 £0.010 21]
B //5" 0z 0.01140.019 £0.009 rad —0.037 £0.014 rad 21]
* g Uz 0.371£0.007 £0.002 -
. AT = 0z —0.021 £0.019 £ 0.007 rad -
oA 0.757 £0.011£0.008 0.7500.009£0.004 [14]
, _ A —0.76340.011£0.007 —0.7580.010£0.007 [14]
* First measurement of weak phase difference =
_ _ B £, —Es (1243.440.8) x 102 rad -
* First direct measurement of = decay §5,—8  (—4.0+£33+17)x102rad  (10.2£3.9) x 102 rad[17]
parameters Acp (6.0£13.445.6)x 107 Consistent with _
* Independent measurement of A decay Ay (—4.8£13.7£2.9) x 10~ rad CP symmetry
parameter ABp (=3.7411.74£9.0) x 1073 (—=6+124£7)x 107> [14]

* Strong phase diff. consistent with zero (0z) 001640014 4 0.007 rad _




machine upgrades include top-up implementation and beam current increase.

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 (Ty) machine. The

to be complete
in 2022-23

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 I values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
/ J /1 peak Light hadron & Glueball 3.2 b1 3.2 th~! N/A
J /1 decays (10 billion) (10 billion)
¥(3686) peak | Light hadron & Glueball 0.67 fb~! 4.5 fh~1 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
1(3770) peak D%/D* decays 2.9 fb1 20.0 th-T 7 610/360 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 b1 6 fb—1 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 fb~! 30 fh—! 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 fb=T 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YA cross-section N/A 1.0 fb! 100/40 days
4.91 GeV Y. Y. cross-section N/A 1.0 fb~1 120/50 days
4.95 GeV =, decays N/A 1.0 fb~1 130/50 days
~55 fb!

31



Proposal of the upgrade BEPCI!

v'An upgrade of BEPCII (BEPCII-U) has been approved in July 2021:

the optimized energy is 2.35 GeV with luminosity 3 times higher kel

I 0 =

Lum [10%3cm-2s1] 35
15
Bunch Current [mA] 7.1

than current BEPCII and extend the maximum energy to 5.6 GeV Bunch Num 56
» Add another cavity per beam to improve the RF power :::wer - 31029
» Change optics slightly, increase number of bunches Er:::i:;e[:ﬁ?mrad] 34573
» Challenges: high beam intensities, backgrounds and aging effect in the detector i::ﬁ;:'eigm f;’ﬁﬁg
» Small risk: can continue running with better performance than BEPCI| :ﬂgage[w 129

» Timescale: 2.5 years construction + 0.5 year installation

» Installation: July — December 2024 and the upgraded machine ready in Jan. 2025

Peak luminosity (cm™?s™")

1x 103

8x 10% 1

6x10%

4% 10%F

2x10%}

1.35

7.5

120
250

0.033

152

0.35

0.011

1.07
122

3.3

Upgrade BEPCII
(BEPCII-V)

BEPCII

4
,I
Qe

J’"\\-

N,
7 \
/
4 'b \.
¢ 3xLggpcn

2.0 3.0 4.0
Ecm (GeV)

5.0
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Summary

» Data with unprecedented statistical accuracy from BESIII provides great
opportunities to hadron physics and flavor physics. Will continue to run for ~10
years

e BESIIlis in good status, inner detector upgrade in progress

* High-lumi. fine scan between 3.8 GeV and 5.6 GeV is planned
=» BEPCII-U: 3x upgrade on luminosity

* To explore the high statistics data sets, synergies between experiment and theory
are essential

Thank you for your attention



