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Beljing Electron Positron Collider (BEPC)

Upgrade of BEPC (started 2004,

first collisions July 2008)
Beam energy 1GeV to 2.3GeV
Optimum energy 1.89 GeV
Single beam current 0.91A
Crossing angle +11 mrad
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Design luminosity 1 x 103 cm—2s™]
Achieved in 2016
Beam energy measurement:
Laser Compton backscattering
AEJE ~ 2 x107°

(contributes ~ 50 keV to m; uncertainty)
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BESIII detector

Magnet yoke

SCmagnet, 1T

RPC

CGEM-IT is
BTOF, 70 ps being built &
ETOF, 60 ps placed here

Be beam pipe

MDC, 120 um

Total weight 750 t
0.5% at 1 GeV/c otal weight 750 tonnes,

~40,000 readout channels,
Data rate: 5 kHz, 50 Mb/s

.t
CslI(TIl) calorimeter, 2.5% @ 1 GeV

full operation since 2008
all subdetectors are in good status
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10 years of data taklng at BESIII
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Rich physics program

Light hadron spectroscopy

— Full spectra: conventional/exotic hadrons QCD
— How quarks form a hadron? non-pQCD
Charm physics

— CKM matrix elements = SM and beyond

— DDbar mixing and CPV = SM and beyond  nep-ex/0809.1869
Charmonium phyS|CS IJMP A V24, No 1 (2009) supp
— Spectroscopy and transitions = pQCD & non-pQCD

— New states above open charm thresholds =» exotic hadrons?

— pQCD: “pn puzzle” =» a probe to non-pQCD or pQCD?

Tau physics and QCD

— Precision measurement of the tau mass and R values
Search for rare and forbidden decay modes




Selected topics

« XYZ particles: X(3872), Y(4260), Zc(3900)
* Light hadrons: glueballs & more
« Charm(meson) physics

» Baryons: form factors & polarization [See
Haibo's talk]



Hadron spectroscopy
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Testing QCD in the confinement regime
Revealing the fundamental degrees of freedom



QCD exotics

QCD predicts
new forms of hadrons

Pentaquark
From Nature Rev.Phys. 1 (2019) no.8, 480

critical for the quantitative
understanding of confinement



MASS [GeV/c?)

Charmonium and exotics at BESII|
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direct production of ¢ , Y
radiative and hadronic transitions
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Discovery of the Z.(3900)

Events / 0.01 GeV/c?

100 ;_ Significance t $:tt:' fit |
e
60—

40 TR T4
20 F

o

3.7 3.8 3.9 4.0
Mo (@) (GeV/c?)

» Mass = (3899.0+3.6+4.9) MeV
» Width = (46+10+20) MeV
» Fraction = (21.5+3.3+7.5)%

In e*e—»n*nJ/y events at
4.26 GeV, a particle decays
Into n*J/y is observed!

Couples to cc

Has electric charge
At least 4 quarks

A tetraquark state?
A DD* molecule?

PRL110, 252001 (2013)
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Properties of the Z.(3900)

PRL 119, 072001 (2017)

©Ie= i T e pwAofeteT - )/
e JPC=1+ g ; % 1°£ ' e JP=1+
. Decay modes + Asymmetric line shape
« Significant f,(980)

Y TEJ/\" e e contribution

v DD* - mtm~ D-wave fraction

v 1. (4.206) £ T increases as E,

Sa T A it Increases

v TChC (216) " (Gevich)
v" Not seen in light hadrons
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« Partner state: Z(4020)
v |G:1+; JPC=27-

[
=
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Couples to nh, and D*D*
Couples possibly to my’
M=4022.9+2.8 MeV -
'=7.9+3.7 MeV

Events/(0.005 GeV/c?)

40 4.
M, (GeVic?)

I i T L
400 405 410 415 420 4.25
M, ., (GeV/c’)

PRL 111, 242001 (2013)

AN NN
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arxXiv:1906.00831

Evidence for Z. = pn,

« ete” -t N,

* n.—9 hadronic decays

Decay mode BR
N.— PP ~0.13%
ne — 2(K*K") ~0.15%
ne — M KK- ~1.50%
n. — KK ~1.20%
n. — ppm’ ~0.18%
N — KsKTr ~1.80%
N, — TN ~1.60%
ne — K*K™n ~0.57%
ne — T oo ~2.40%

Events / 10 ( MeV/c? )

 Strong evidence of e*te—mnZ,., Z, - pn,

at /s = 4.23, statistical significance is
4.20. (3.90 including systematics)

- ete—nZ.Z. = pn.not seen

60F
200 == Data F
m— Best fit — 50F
180 By E 2
= = Background Q F x*/DOF = 33.7/33
160 Sideband of S 40F
X sideband of p () 30 F
140 AT = 30t
120 S R e T — 20
e tedetetelelelely oy
100 eleeteletele e o0
o 2eletetete %% — 10
80 65, - F 1]
boteteleleleletels ok
< S0 7] FtTT
60 B tetetetetelelele = E [I
s R SRR & -10F
wESSSR R 8
0 e e 2 e 20200 0 20 2 %k Yo e 0 ke 2 2 ket 0k W -20F
D0 B e e S R IR E
B RS SERERRIERARELEER E
209091969096 261%6%6 0% %% 20 ¥a%6 Y %e¥6%: %% 6% % %% % Yo | S T R B
: : . , ; . ; )
M(p*n ) (GeVic?) M(p™n ) (GeVic?)

etfe—mi.,Z.— pn. @ 4.23 GeV
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. arXiv:1906.00831
Evidence for Z. = pn,

 Measure Born cross section at 4.23 GeV:
oB(ete” » mtn nn.) = (46 *12_,, £ 10) pb
L oB(ete > nZ.,Z. > pn) = 48+ 11 = 11) pb

Vs = 4.226GeV /s = 4.258 GeV /s = 4.358 GeV| Type-1 Type-Il  Molecule
Rz.(3000) 2.240.9 < 5.6 230715 0277577 0.0467 07>
Rz (1020 <1.6 < 0.9 <14 6.67252 0.01070 008
A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)
100 100
Dynamical Z. tetraq.Type-l — namical Z'. tetraq. (type indep.) —
1
Molecular Z. — | 7 Molecular Z'c — |
1072 Q 102
107 10~
070 00 0= 107 102 ol 1 0 100
Rz'
R - B(Zc - pnc) R B(Z¢ - pne)
* B(Zc— T/Y) “ B(Z¢ » mhy)
Z_states have both tetraquark and molecule components? Refined calculations needed!
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o(ete” > ntn™]/Y): Y(4260) = Y(4220)

150F

100

c(e'e > J/y) (pb)

Or

3.

50
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/s (GeV)

PRL118, 092001 (2017)

—4- XYZ
— Fit |
- - Fitll

RESTT

8.2 fb!
19 points

4.2 4.4 4.6

Vs (GeV)

» Most precise cross section measurment to date from BESII|
* Y(4220): M =4222.0x3.1+1.4MeV,I'=44.1+-4.3+2.0 MeV

(lower)

(narrower)

. Y(4320): M = 4320.0+10.4+7.0 MeV, T =101.4*253 __+10.2 MeV
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Y(4260)=>»Y(4220). more modes

PRD99, 091103 (2019) PRL118, 092001 (2017) PRD96 032004 (2017)
—_ 100 —_ — .
< 100" + ~4- BESIIl 2019 . 4xvz 2 o = BESIlI
~ r '8. 80} . Z Belle
~ —4 BESIII 2015+2016 =~ p —Fitl o = BaBar
X 2 ok --Fitl 8
% 50- ® ?
‘0 ¥ ? o S
+ L U] o
42 43 44 4546 o, PR A UOUTOU DO
\'E (Gev) 38 4 42 44 46 Q.O
f5 (GeV) (s(GeV)
PRLT18, 092002 (2017) NEW 1000
100 _I T T | T T T T | T T T T | T T T T | T T T T T T T T | ]
[ = BESII: XYZ data sample Z PRL122, 102002 (2019 } ]
o SN F \“‘__ o E
E __ - Fit curve;\’(439(l) ~ A :8 __ ’7;
R 3;2 : ]
§‘ U 400 ]
3 ol - -
g r 200— ]
] Jooestimm=™  Tttemecsssciia]ecessence — -
..+|‘H.|..H+m..J...;\H.|.Hm.!..\u 0_ 6_
39 40 41 42 43 44 45 46 ’

Y(4220) appears in wy, mtn Iy, ntny’, ntnh,, D°D* nt
Mass~4220 MeV, width~ 60 MeV
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ete” - T[+T[_l|1(3770) PRD 100 032005

e Study the intermediate states of ete™ -» ntn~ DD,
ete” >ntn D*D~D°
e DO 5 K nt K ntn®, K ntntn-and K n ntnn®
e DY s K ntnt, K ntntn®, Kont, Kdntn®, and Ko0ntrntn™

50 -

45E 4.42 GeV 30F  Data 4.42 GeV -8~ Bomn cross section
% : 5.20 i < F CRVETTO) 5 200__ v Upper limit at the 90 % C.L.
5"“ 3 dia =z 25___ a - v
8 35F —mmy(3770) E [l sidebands 2150 '
E - 20F S
g 30;_ --T[[Jﬂg[] o : 5 100:_ ! '
g 25;_ S;deband 2 15;_ i
= 20F > : ® 50 ¥
2 15t g 1 [T I, te 1
c F L X r I v
& 10 3 st |t ) - J,p+¥++ ..... b
WosE F } ©
r . 0'. e TRE _50‘_
3'? --38- 3‘9—;'" 4 11 39395 4 405414154242543 P R RN B R R R
) : 3 : . M(zy(3770)) (GeV/c) 41 42 43 44 45 46
M(DD) (GeVic?) E.. (GeV)

ete” - ntn~yY(3770) is observed for the first time, no evidence for 1(13D;)
Hints of Z, in M(T*y(3770)) at 4.04 and 4.13 GeV in /s = 4.42 GeV data

Clear structure in line-shape of n*nt~y(3770)
17



ete” - D1(2420)ﬁ PRD 100 032005

soF - 4.42 GeV
o %OF +pee 442GeV %[ +om $42GeV 1 g5f +oma »
L | —pp © 39k —pp © —bp
> 40 -. mry(3r70 < 30F—DD L 5L —DD
§ Fimn S 8 st wio
9 5k Sideband g 255_ Sideband n 25F m Sideband
S 746 [\ H 2 S
. o F o
< 20f ’ \{ = 15f = 15
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m ; A \\\i o sk O g
) ; n , F A T et ¥ -
22 23 24 25 26 29 23 24 25 26 22 23 2.4 25 26
M(D%*) (GeVic?) MIN ) (GaVir2) MIN* ) (GaVind)
g 180 ;— -8 Born cross section (b) g 300 f_ - Born cross section (C) g 140 i_ -8~ Born cross section (d)
‘;:‘ 160 - ¥ Upper limit at the 90 % C.L. ’E 250 __ ¥ Upper limit at the 90 % C.L. ‘5 120 ; ¥ Upper limit at the 90 % C.L.
[&] r &} \ £
: 140 +200F | H v . L 100F '
£ 120; ‘S 150F A £ 80F
o 100 T y a "t
210 1 100F . e 7Y
o 80 ' [a) 0 + y + - F
e - o WOF + + 0 40F M
o 60 { v Y o fa) s Y
B sob v v Oppp + """""""""" S 20 7 | +
"? 20k % } + T =50 FEN S SRR HSSS SR S
‘ 100 o ‘
K OF=temmmmm e o o —20F
%—01.\....\.‘.‘u‘”.\....\””m . ©15 | IR EFRFVIN FTAPET IR INUFIIVES IFUTTEr ‘a{;’20’.\.".m..‘l".‘\H‘.|H.m.‘..|u
43 435 44 445 45 455 46 43 435 44 445 45 455 486 43 435 44 445 45 455 46

E.,. (GeV) Ecm. (GeV) Ecm (GeV)

Three different decay channels (D°nt*n~, D**n~, and D*n*n™) are used to
search for D,(2420)

Clear structure in the line-shape of ete™ - D;(2420)D

No D;(2420)D near threshold enhancement = Y(4260) not a D;(2420)D

molecule?
18



Events / 3 MeV/c?

Observation of e*e- 2>vyX(3872)

X(3872) » ']/

PRL 112, 092001 PRL122, 232002
v ! ! ' 1 ' ' ! ! I ' ' ' ' 50_ ' v ¥ ¥ I ¥ ’ ’ ’ I , , ’
15-_ =+ Data B E —+- Data
— Total fit ] © 40 — Total fit
10'_ === Background 7 g 305_ ' === Background _E
] o f .
i ] @ 20F ! .
5 — o I :
| 0T S AT |
o 0 00 L R 1 “'L:{flﬂl&#ﬁ“ LS LR G Y
g.8 3.85 3.9 3.95 8.8 3.85 3.9 3.95
M Jiy) (GeV/c?) M+ J/y) (GeV/c?)
4.0 fb-1, 2045 evts 11.6 fb™1, 7949 evts
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Events / 5 MeV/c?

[l

Events / 5 MeV/c?

Observation of X(3872) - w]/y PRL122. 232002

There were only evidence at
_ Belle (4.3c) and BaBar (40)
» Signal process: ete™ - yX - yo] /W, with w » ntn ™ n?,

J/b - 1717

- iy Signal PDF:
20 7 3o T XGaoo0

ol L 340 Y v’ 3 resonances: (X(3872), X(3915) and
10~

X X(3960))
0- . e oie: Lol bl )]

0 * > 4 M(m?{ﬁs(aew&) Ngig(X(3872)) =45+9+3
o T v Two resonances: (X(3872), X(3915))
OE Nsig(X(3872)) =40+ 8 + 2

Mass Width
. SRS AR A e X (3872) 3873.3 £ 1.1 (3872.8 + 1.2) 1.2 (1.2)

385 39 3.95 4 " m?ﬁ(eew g X(3015) 30264+ 2.2 (30326 £8.7) 3.8+ 7.5 (5.7 + 15.5)

X (3960) 3963.7 £ 5.5 33.3 +34.2

two hypotheses different by only 2.5¢
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o(eTe”™ - yX(3872)

PRL122, 232002

—+- Data
-4 BESIII 2014
— Fit

— Fit

2F —+-Data
S}

© o o ©
o N M O @
T L] L] T | L] T T T

4 dD 44 46 42 - 44 46
(s (GeV) (s (GeV)

o(YX(3872)=ywJ/y) (pb)
o(yX(3872)—>yr wJ/y) (pb)

A simultaneous fit to
the X(3872) - wJ/y and t*m~] /i cross section gives
M(Y(4200)) = 4200.6175, + 3.0 MeV/c?
r(Y(4200)) = 115238 + 12 MeV
B(X(3872)~w]/¥) _. ,+0.4
B(X(3872)—>1T+1T‘]/1/))_1' 6203 £ 0.2,

previous measurement: 0.8+0.3 from BaBar
21
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Observation of X(3872) - 7%y, (1P)

PRL 122, 202001
ete™ - yX(3872), X(3872) - m % (with x¢; = YI/W, J/ = 1717)

e'e — Y, Al X, with X, = 7, Jhy e'e — Y, play Xe, with ey = Y, Jhy
N->‘3 9— (a) 415 <E_ <4.30 GeV % 8F-
2 eE = 7F
E o] E
(Tp] ?:— - 6:—
& 6f + 2 sE
C @ E \
9 S T 4= | Xeo Xeq
L 4 =
3 5
2f 1 L Jj
1— 9 e e e e
Lz My, J/y) [GeV/c?]
->‘2 L (b) 4.00 < E,, <415 430 <E_, <4.60GeV _ ' _ _
2 I « Clear signal of X(3872) in Y(4260) region,
P - +5.2
> 0 NX(3872) = 16.9233
g « No X(3872) events outside of Y (4260)
o | | « Clear cluster of y.,(1P) events in X(3872) mass
i window
i Al ) . 0 .
prlitm= I r= TS e md - o First observation of X(3872) — m° y .1 (1P) with

M(r%_) [GeV/c] significance >5¢



Measurements of X(3872) — v]/y,yy(3686)
BESII

preliminary
> >
5 5
X(3872) - yJ /Y e b
8 S
JIb = up/ee ° °
)] ]
Belle (4.95); BaBar (3.65); LHCb (>50) § E, 5
R T YT 32'95 4 e e T ) 35 29 4
M(y J/\P(Ll w)) (GeVic') M(y Jiw(e'e)) (GeVic)

» Simultaneous fit; significance > 3.50

X(3872) - y(3686)

S I Hxpectation strength
% 101
P(3686) > ) = o H ]
~ 6
¥(3686) — up g2 4 L ”Iﬂ ' /
Belle (0.45); BaBar (3.56); LHCb (4.40) i it T“ gl :
975 38 3es 39 '“395' ! 8§75 738 hes 39 395‘ !
M(yy'(nd/y)) (GeV/c?) My’ () (GeV/c?)

» Simultaneous fit; NO evident signal!

B1X(3872)0yp(3686)] .y 59 4t 90% C.L.
B[X(3872)-v] /Y] PDG average: 2.6
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Measurements of X(3872) —» D’D*Y, yD*D~

BESII

Events / (3 MeV/c?)

preim nary
_ D*® - yD°, z0pO X(3872) » yD*D~
X(3872) - D°D*? + c.c.
D% - Kn, Knm, Knnem D - Knn,Knnm
10
C < 18F o C
C 0 3 S [
: > 3 |
C 0 E = [
8f S 12f ,i Z g
- ™ 10F — I
N < 8f 4 + H 3 F
4: -5"2 6F 1 = I
f & 4f L L E 21
: @ 2f P ] O T
0 3.9 g.§35 o 3.9 395 L M 3|§+D- a w3§5
M, OD) (GeV/c) M(x°DD) (GeV/c?) (v, U'D) Gevic
Npp+ = (25.5 + 4.4) Npp+ = (32.5 £5.5) N, pip- = 0.0%03

» Simultaneous fit on D*® — yDY and 7° DY

. . + -
> Significance > 7.40 No evident signal for yD™D

Relative branching ratio compared with X(3872) - n*tn~J /Y

mode D™D + c.c. ~J [ oy DT D~ wJ el

ratio 14.81 £3.80 0.79+£0.28 < 0.42 <099 17703 +£0.2[27] 0.8875352 +£0.10 [37]

—0.27
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a— X(3872) decay BRs

mode D*°D0 + c.c. ~vJ [ )’ ~DTD™ w.J /1) 7% e1
ratio 14.81 £3.80 0.79+£0.28 < 0.42 <099  1.7703£02[27] 0887557 £0.10[37]

With recent B(X(3872) -» n*n~J/y) = (4.1£1.3)% from BaBar,
one gets

B(known)=(1+14.81+0.79+1.7+0.88)*4.1%
= 19.2x4.1% ~ (79+32)%

Find more decay modes, and/or improve the precisions

25



Emerging connections between XYZ

X(3872) gemramd 7c(3900) Two isospin triplets
Zc(4020)

What is the nature?
Molecule/Tetraquark/

Hybrid/...
Threshold effectsl/...

Further experimental efforts needed:
Production/Decay mechanism;
Resonance parameters (any kinematic dependency?);
Partners? ...

26



GlueX@JLab
BESIII

Light hadron physics
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Glueball

What role do gluonic excitations play in the spectroscopy of light
mesons, and can they help explain confinement?

mx. (MeV) mg++ (MeV) my++ (MeV) mg-+ (MeV)

12 | . 15 Ny=2 938 1417(30) 2363(39) 2573(55)
0 w— 650 1498(58) 2384(67) 2585(65)
Ny=2+1[22] 360 1795(60) 2620(50) —
10 | 2 — g
12 — 4 quenched [13] — 10(50)(80)  2390(30)(120) -3(50(‘ 5)(120)
att quenched [14] — 30(50)(80)  2400(25)(120)  2590(40)(130)
. 3 3
= <)
, = Lovy lying glueballs with
ordinary quantum number
1 ->mixing with qgbar mesons
0 0 . .
e Systematic studies needed

Glueballs from Quenched LQCD

PRDG60, 034509; PRD73, 014516;
PRD82, 034501; CPC 42 093103

28



Systematic study of glueball at BESII|

qq Mesons Each box corresponds (a) (b)
> to 4 nonets (2 for L=0)
@ hadrons hadrons
2-+
2.5 II 0-+ I 99 qqg
2++ 2= S
% D 2-+R &
L 1 (c) (d)
20| 2 -+ exotic hadrons hadrons
L] E ('CD 1-+ €—— eXOltl ] adrons ladrons
| g 1+- nonets _ __
— D r 1++ « 499
al 0+ Lattice M(J) = 7G) ~ O(aa?),F(J/4 = vH) ~ O(aad),
s 0o+ 1-+ 1 -9 G@V
o= F(J/4 — M) ~ O(aey), [ (J/0 = F) ~ O(aas)
1.0]
0+ 1.6 GeV

L=01 2 3 4
Charmonium decays provides an ideal hunting ground for light glueballs
€ "“Gluon-rich” process
€ Clean high statistics data samples from e+e- production
€ 1(JPC) filter in strong decays of charmonium
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Overpop

ulated scalar mesons

i f ‘: £,(1500) ‘ [ £1710) "‘~‘
‘ £;(600) ‘
‘ : "J‘K;(1430)k"‘“ [
\ A J;(980) ‘
‘ 4(980) 1“3 : “ \\
\ ‘ ay(1450) “‘: L
K(800) ““‘
\ / [ K3(1950) |
3 \ ) From M. Pennington
Name Mass [MeV/c?] Width [MeV/c?]
fo(600) = 400 — 1200 600 — 1000
f,(980) « | 980+ 10 40 — 100
fo(1370) = | 1200 — 1500 200 — 500
f,(1500) % | 1507 +5 109 + 7
fo(1710) = | 1718 -6 137 £ 8
f5(1790)
f,(2020) | 1992 + 16 442 + 60
f6(2100) 2103+ 7 206 + 15
f0(2200) 2189 £ 13 238 £ 50

£,(1370)

D
P
S/

-

Glueball

£,(1700)

g5

(UL-H-d(-l)

Mixing scheme: Glucbal
f,(1500) , f,(1710)

Which one has more gluonic component?



Events / 20 MeV/c?

Events /0.020 GeV/c

Amplitude analysis of J/{ - ynn/K2oK.

BESIII PRD 87, 092009 (2013)

r T T T T
200 [ { -
150 [ .
100 [ .
- f .
s0F .
C ot ++i bt ]
N i + u ]
o PR S I T S SR SR N R SR T S B " *,
1.5 2 2.5 3
M, (GeV/c?)
BESIII PRD 98, 072003 (2018)
a * Data
6000 [ 8
2 -~ PHSP MC
5000 [ — Signal MC
4000 -
3000
2000 ; }
1000 .~
0 :. Tl Y T Y Y Y T 4 P Y Y VS T V' P W o T Y o T T o i )
1 12 14 16 18 2 22 24 26 28 3

Mass(K,K,) [GeV/c?]

Resonance Mass (MeV/c?) Width (MeV/¢?) — yX — Significance
Fol1500) 146871423 136731428 (1.65+926051) 5 1075 8.20
o(1710) 1759 + 614 172 + 10132 (23550137124 x 1074 25.00r
fol2100) 2081 = 1373 273+3+70 (IR ey 13.90
£5(1525) 1513 = 5+, 75t (3.427087130) % 1073 1100
f2(1810) 1822129466 229+ 2+88, (5.4013221%33) X 1073 6.40
(£>(2340) 2362131110 33418 (5.6070627237) > 1075 7.60 )

Br of f,(1710) and f,(2100) ~10x larger than f,(1500)

Resonance M (MeV/c?) Mppg (MeV/c?) I' (MeV/c?) Ippg (MeV/c?) Branching fraction Significance
K*(892) 896 895.81 £0.19 48 474406 (6.2810181029) x 107 356
K,(1270) 1272 1272 +7 90 90 + 20 (85411 01233) x 1077 160
fo(1370) 1350 + 9+12 1200 to 1500 231 + 21+ 200 to 500 WRRUISELR 2506
£o(1500) 1505 1504 + 6 109 109 £+ 7 (1591 0151018) %1073 236
fo(1710) 1765 + 2+ 172318 146 + 317 139 + 8 2.(x)f-32_+g-i‘0') x 10~ > 350
£o(1790) 1870 + 742 146 + 141 (L. LT i 240
f0(2200) 2184 + 54 2189 + 13 364 +£9 238 +£50 (2:7212%+017) 5. 104 > 350
£0(2330) 2411 £ 1047 349 + 1817 (4.951 9211000y 51075 350

,(1270) 1275 12755+ 0.8 185 186.7122 (2.581081059y » 70 336

2.5 0.09-0.20
15(1525) 1516+ 1 15255 75+1+1 7318 (7.991 35 198) %105 > 350
(/2(2340) 2233 + 3415, 2345130 507 + 375} 32213 (5.542 040" 148) X 1075 260 )

0"+ PHSP (185350 as) x 1073 260
2++ PHSP (5.0 H1) %1075 136

31



Scalar glueball candidate?

Flavor-blindness of glueball decays

L(J/¢p = vGo+) = g0 1\}12)' |E1(0)]? = 0.35(8)keV LF(G—)7r7r:K]?:rm:7777':77'77’) =3:4:1:0:1
I'/To = 0.33(7)/93.2 = 3. 8(9) x 1073 PS.
CLOCD, Phys. Rev. Lett. 110, 021601 (2013) *with chiral suppression
PRL 98 149103
I ’ fn
Experimental results r'(G - nm)/T(G - KK) = ~ 75~ 048

>B(Jhy > £, (1710) > yKK)=(8.5743) x 1074
»BUy > vE,(1710) > yam)=(4.0£1.0)x 10~ \ 4

»B(/y = vf,(1710) = yowo)=(3.1£1.0)x 1074 F(G - KK: ?777) ~ 1.3:3.16:1

P.S.
>B(hy > 1i,(1710) > ymn)=(2.35+313+424)x 10~

= By =2 yf,(1710)) > 1.7x 1073

f,(1710) largely overlapped with scalar glueball?



Tensor glueball candidate?

L(J/t = 7Gar) = 1.01(22)keV BESII J/¢ = ybd
T(J/% — YGat)/Tior = 1.1 X 1072 ;2900 T e
_— L e modal dependent
CLOQCD, Phys. Rev. Lett. 111, 091601 (2013) 22000 et
. g , Ei*i 2" model independent
Experimental results &1500 § Ny e

0 : ! W

Br(J/y — 1£,(2340) > ynn) = (3.802 111 )x10° £1000F & M
Phys.Rev. D87, 092009 (2013) 5 5"3'0:_ ;*"':“ M
Br(J/y — f,(2340) - y$¢) = (1.91£0.14773)x 10 R o
Phys.Rev. D93, 112011 (2016) 05— e

2 2.2 2.4 2.6
Br(J/ v — ¥f,(2340) — yKK) = (554703 )10~ (f) M(90) (GeV/c?)

stated in np reactions are observed
with a strong production of f,(2340)

It is desirable to search for more decay modes
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Light meson decays

« To study light meson decays with unprecedented precision
 BESIII: 1010 J/iy— ~107 n, ~5x 107 n’, ~107 ®

* Unigue place to test fundamental symmetries in
QCD at low energy region

* Probe physics beyond the Standard Model (SM) ,

E.Q.
nn’ —2y chiral anomaly
n/n’ —mrro guark masses
n —ymm box anomaly
n/n’ —Tm CP violation

n/n’ — utuTO ,eteT® C violation
nn" —ue LF violation



Precision measurement of the
branching fractions of n’ decays

PRL 122, 142002

;3000 fr—t Total Fit g ‘i’;
F---- Signal ) © 10*
§;§£ E Background 9 10 9
21500 [l Jiy—ne'e g - g 10°
u -
200 2 g
L% G Pl =y ALY ak [% 102 3 1 § s [% a L 1 1 >
%.7 0.8 0.9 1 11 1.2 09 0.95 1 0.92 0.94 0.96 0.98 1
M, (€'e) (GeVic?) M(yr'r) (GeV/c?) M(r*rn) (GeV/c?)
10°
2100 " 3 3t 2 =
O o S5
3 8 %2 g
e w 3 15F s I
2 1 g2 g
2 e g 05¢ e 1 ——
09 0.95 1 i 2 0.9 0.95 1 00.85 09 0.95 1 1.05
M(r°r®n) (GeV/c?) M(yo) (GeV/c?) M(yy) (GeV/c?)
Decay Mode NS}’:X €t —x (%) B(n' — X)(%)
This measurement PDG
n =yt 91310641052 44.11 29.90+0.03+0.55 28.940.5
n’ = et~ 3122754570 27.75 41.2440.08+1.24 42.640.7
n' = nnoxn° 516804238 9.08 21.3640.1040.92 22.84+0.8
n = yw 227494163 14.98 2.489+40.0184+0.074  2.6240.13
n' — vy 706694349 43.79 2.3314+0.0124+0.035  2.224+0.08

First direct measurement of absolute BF of i’



n —y1r* 1T decay dynamics
® high term of WZW ChPT— box anomaly

® studied by many experiments (CB, L3 ...)

® no consistent picture due to limited statistics
® p mass shift or not ?

® box anomaly or not ? ~0.9M events
I 1 1 1 | | | | | I I 1 1 | | | |
1 05 |_.:_| ﬁa—t:t'n:'r:u MC .%

[ITT11 Nen-i" MC

£ n'—yn'n MC

A A
e
0000
‘ S

= = == NI ATAT

10” | ! HH” ” Ml
0.85 0.90 0.95 1.00 1.05
M(yr*rn)) (GeV/c?) .

PRL 120,242003



Model-(in)dependent fit

PRL 120, 242003

fit with p (770)-w-box anomaly  fit with p (770)-w-p (1450)  P(Swm) = 1+ @Sy + b O(S%) + d BW,,

EammtlII||l||||l||||'l||||l|||| Eam ||||IllIlFlIIlFllIllIlIllIl %ml|IFI|||FI||I|I||I|II|I||I|
o ,{“L' p ""‘aL' 1= [ = 0.992 - 0.039 1
iy 25000 il £ (a} 1 wes0 i (b:l - um 25000 5 = 05229 - 00309 1 (ﬂ) 7
~ I p& w % = E{jhg-‘ t 1= - &= 0.1990 = 0.0056 1 l
EEMM'_ - ETI]EH 'I( Ji ] EEM (o).} ?45'0 Jlr 7 Emnm— ¥ ml = 1.3 I[ —
2 sl @ &box \ 13 — o & p(1450) f V18
4 150 p 15000} ]L
1 '|£ I
10000 & - 100 .
I . 10000
50 - 3 I
. SO0
T o e e e . :
g 0l s aal ||_-_'|-"'1"1—r1—+"'|--|-| "
5 ik 1. T F = e e [l 5 5
(=8 =8 =8
5 1 1 N 1 1 1
0.4 0.5 0.6 0.7 I:I.IE K:] [iX] [iX3 0.6 0.7 0.8 8
Mixt) (GaWie™ Min*x) (GaV,

v' p(770)-w cannot describe data well

v' Extra contribution (maybe p (1450) or box-anomaly) is also necessary

Crystal barrel: a = (1.80+£0.491+0.04)GeV-2

b = (0.04+0.36+0.03)GeV*
GAMS-2000: a = (2.7+1.0)GeV-?2
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= Direct measurements
Of |Vcs| and |Vcd|

1.00

0.98

Indirect
= Tv—
B physics

Direct

Nucleon & Kaon

excluded area has CL > 0.95 1
I I BRI S

0.20 0.21

0.22 0.23 0.24 0.25

cd

= Indirect contribution on
VP,

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

]
=k

SxcLIMBA arsa nas CL = 095

Charm (meson) physics

lllustration of
pair production

: — = Arnd :
C | Vist——% o 3
B Am, &AM, y
o ¥ g ]
o CrA s <0 ]
- Prass 1l xel. ot CL = 0.06) ]
-I 1 1 1 I 1 1 1 1 I 1 1 I 1 1 I 1 1 I_
.0 0.5 0.0 0.5 1.0 1.5 20
P
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Leptonic & semileptonic decays

(Semi)leptonic D decays provide an ideal bridge to access

guark mixing element |Vcs(d)| and decay constant/form factors,
which parameterizing weak and strong effects, respectively

c VCd(S) I+
oW

— f N
d(s) %
2
GEf2 :
2, ms
" (s) 2.2 :
I'(D(t) — E+V(:‘) ~ T 8r ch(S)‘ my thtJ L= m?

1. |Vt better test on CKM matrix unitarity e
2. (Semi-)leptonic D, decays allow for LFU tests [J =|[: V_ V iV

3. Ty L5 (0): test of LQCD
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fp,|V 4 from D™=21"v

2.93 fb-! data@ 3.773 GeV

PRD89, 051104 (2014)
==t 409421
B
102 == n:»n-:l'i»z::c:w .'_'.4"0.""" !
b

T T

t

T IIIII]

Number of Events
=)

ll.inear scale >‘] { LOG scale >j

1
10
0.2 0 0.2 0.4 0.6
2 24
M, [GeV/cT]

B[D' — 1'v]=(3.71£0.19+0.06)x10™*
fp+|Veal = 45.75 £ 1.20 £+ 0.39 MeV

Dt = 1ty BESIII preliminary

. BESHI [
Preliminary

L
Sy BESN
8 EPrellminary
$ |
:
B

137427
Df = T 1 Vv,
events

€03 02 01 0

Swf  BESH : BESIII
Yygo b Preliminas s are liminary
e v + i MC-based backgrounds

2 01 0 01 02 03
MM2 (GeVicy

it )X 107
MeV

03 02 01 0 01 02 03
MM2 (GeVic'f

B[D* — rv]=(1.20+0.24
fo+Veal = 50.4 % 5.0

stat

statistical error dominant

New inputs from PDG2018:

value

0.1056583745(24) GeV
1.77686(12) GeV
1.86965(5) GeV
1.040(7) ps
1.1663787(6)x1075 GeV 2

CLEO-c (uv) p—————

BESI (uv) #—s—4

BESIII (1v)

preliminary

Average (4V) H——e—i

1 I 1 1 1 l

45 50
fylV_[MeV]
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|V from D21y

New inputs from PDG2018:

0.48 fb-' data@4.01 GeV 3.19 fb' data@4.178 GeV value
my, 0.1056583745(24) GeV
PRD94, 072004 (2016) PRL122, 071802 (2019) ms 1.77686(12) GeV
o Tron B BRG SASALMAI MM At A At et mp; 1.96834(7) GeV
" 4‘ (a) I ’ ; [ BKGI: real ST D) and D} —pt*v, but wrong y(1") ] ™D; 504(4) ps "
% : '19‘300:_ [ BKGIL: wrong ST D or wrong D' —p*v, r Gr l-1663787(6)><10_5 GeV™
3 10 : E CLEO-c [ ——
5 | BaBar H———
= ® + 2200: Belle uv b—a—i
g e | ~ E BES!Ii(a)
¥ oa N 2 BESW®) o e
A —. VUL - ] 5100; CLEO-c i:?;
: Mu:’deb dreclon - - '“¥ i::;{‘ e —
3! l ﬁf t q,J,b,g#: ' sabar [
0.1 ‘“ 005 04 045 0.2 -0.2 -0. 1 0 0.1 0.2 (e} b———
nm'ueewc’f) ml“ (GeV?'lc ) Belle  r(u)v ——— 1
B[D; — 1'v]=(5.17£0.75+0.21)x 10" — — e
L, B[D! - 1'v]=(5.49%0.16%0.15)x10" e dz)
B[D - 77v]=(3.28%+1.83%£0.37)% u . |
Average v H——H
(V| =239+ 17 +5MeV [u] SoflVes| =2462+£36+£35Mev | ™ ™
fD | csl T T 1 s
s 200 220 240 260 280
fp#lVisl = 193 + 54 + 11 MeV [1] fIV,,[[MeV]
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Comparisons of {1, and {1,

HPQCD (2+1) HPQCD (2+1) b HPQCD  (2+1) ——
¥QCD (2+1) ——
RBCUKQCD (2+1) RBCUKQCD (2+1) FH
ETM (24141
ETM (24141) —— FMlL(czE'zLL) T RBCUKQCD (2+1) b=
FMILC (2+1+1) Average (theory)
Average (theow) CLEO-c (‘uv) ETM (2+1+1) fp—o—
BaBar (uv) H———
Belle (uv) H———H
CLEO-c (uv) ! . BESIII(a) (uv) H . H FMILC (2+1+1)
< —~— BESHII(b) (uv) C H——H >
R CLEO-c(r,,,") ' ' Average (theory)
BESIII (zv) b BaBar (r,,v) +—
preliminary Belle (7,.,) R
Average (1v) —— BESIlla) (r,) |_._| Average (expiment) ————i
L1 | L1 11 | L1 ‘ [ | A"P’aﬂe‘ [ | | [ | L | | | | | L L | " n ' |
190 200 210 220 200 220 240 260 1.1 1.2
fy: [MeV] iD; [MeV] fo;:fD*

= LQCD calculated f,, fy.,, fps+:fp. differ with experimental

measurements by +1.5¢c, -1.50, and -2c
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fK +(0)|Vcs| from DO%K‘WLV PRL122, 011804 (2019)

Differential partial widths Assumed to be independent of g2 following

:q: - G;_';jn‘ Bl £X (023 F—O Ex ya FOCUS'’s treatment (PLB607, 233 (2005))
< 12 molpicl? Bmf (m? mii - 2mp q=pu+p
2 L 5 “(a°)
+§m,|p!'__;‘ + 4 m ) WO:(mf)+mi2\’ - m%)/2mD
+%m'§rg|* | gy Fo = Wo — Ex + mj/2mp

+2/NDOF = 1'5.'8/'15_2 B (b) ]

Series expansion
parameterization for

20 :_ form factor (2 order):
0 0.5 1 5 ! - : "
q? (GeV?/c?) ¢ (GeVY/c)

£5(0)| V.. |=0.7148(38)(29) s




Comparisons of form factors . X®(0)

HFLAV16 averages based on a combined analysis of all

D->K(n)lv measurements before 2016 using series expansion f7(0)| V4 |=0.1426(17)(08)

£ (0)| V, |=0.7226(22)(26)

* BESII K ev
BESII nev
CLEOc Kev H——H
CLEOc nev ——
BaBar K'ev f——o—f—
BaBar nev e Belle Kiv
Belle nlv [ 3 = a BESII K'ev HeH
Y
BESIIl wev et T o BESII K{ev —t—e—t—i
SO . e
BESIIl n%ev ——i - S @ _aPEsilKey
g 049ESIII K v =
HFLAV —e— c %
B HFLAV (==
HPQCD(2+1 =
(2+1) HPQCD(2+1)
ETM(2+1+1) ETM(2+1+1)
FMILC(2+1+1) -
arXiv:1901.08989 FMILC(2+1+1) arXiv:1901.08989
Average
A"Ileralgel I | | | | ‘ | 1 1 1 1 | | | | : q : : : l I : : l I ! |
0.55 0.6 0.65 0.7 0.65 0.7 0.8

£,77(0)

127%(0)
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Testing lepton universality at % level

Mode D%decay BR (%) D* decay BR (%)

Kev 3.505+0.035 8.60+0.16

Kuv 3.413+0.040 8.72+0.19

nev 0.295+0.005 0.363+0.009

Ty 0.272+0.010 0.350+0.015
. T’ —>nptv) N Theoretical expectation:
§ = T S rery) = 922 £0.037
- T(D* >nutv) T —
¥ = (D7 5 miery) = 0964 +0.045 R™ = 0.985 + 0.002
« T(@° =K putv) K _
O =TS K-etn) 0.974 + 0.014 R® =0.975 £+ 0.001
K L2 BOY) a4 0017

T I(D* - K%*v)
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Summary

« The data with unprecedented statistical accuracy and clearly
defined initial and final state properties brings BESIII great
opportunities to investigate QCD exotics and precision
measurement of SM

« BEPCII beam energy is upgraded from 2.3 to 2.45 GeV; top-up
Injection increases luminosity by 30%; peak luminosity upgrade at
high energy is under discussion;

« BESIII detector is in good status, inner detector upgrade in
progress;

« BESIII will be running for another 5-10 years and contribute more
In these fields



