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Beijing Electron Positron Collider (BEPC)
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BESIII detector

magnet, 1 T
Magnet yoke SC agne
' RPC
CGEM-IT is
BTOF, 70 ps being built &
ETOF, 60 ps placed here

Be beam pipe

MDC, 120 um

Total ight 750 t
0.5% at 1 GeV/c otal weig onnes,

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

S _
CsI(TI) calorimeter, 2.5% @ 1 GeV

Has been in full operation since 2008,
all subdetectors are in very good status!
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Selected topics

XYZ particles: X(3872), Y(4260), Zc(3900)
Light hadrons: glueballs & more
Charm decays: CKM, decay constants, form factors, LFU

Baryons: form factors & polarization



X(3872), Y(4260), & Z.(3900)
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BESI Discovery of the Z_(3900)

1001 ~+-Data In e*te—n*nJ/y events at 4.26
B i 1 —— Total fit ] ]
| S |gn:|8c;ance - maagona e | G€V, a particle decays into ntJhy
80 o .
i ~ - PHSPMC is observed!

+ Couples to cc

» Has electric charge
« At least 4 quarks

« A tetraquark state?

A DD* molecule?
» Mass = (3899.0+£3.6+4.9) MeV

» Width = (461£10+£20) MeV . .. ..

» Fraction = (21.5£3.317.5)% PRL110, 252001 (2013)
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BESIT Propertles of the Zc(3900)
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wh. (2.1 S @ 2k |
o e g east /oc.
v Not to light hadrons " et G
» Significant f,(980)
» Partner state: Z,(4020) L
contribution

v |G=1+; JPC:??-

Couples to th, and D*D*

Couples possibly to my’

M=4022.9+2.8 MeV

['=7.9+£3.7 MeV .
PRL 111, 242001 (2013) o5 400 405 410 4.'1_'5Mn1:.;%e;;§525 .
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BESII

arXiv:1906.00831

Evidence for Z.— pn,

e Strong evidence of e'e™—

Vi

N CQI)F] OQ:)O " —rat

4.23, statistical significance is 4.2A.

° ‘Q 'Q O 11 (11 11 .
» —-—9 hadronic decays (3.94 including systematics)
e efe—"“whw © " —not seen.
Decay mode BR
N> w— ~0.13% o0
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BESIT Evidence for Z.— pn_

 Measure Born cross section at 4.23 GeV:

- S QQ 0o« W T QPS p Tt pb
Xiv:1906.00831 - 11
ar I?/ 906.0083 , Q0 5“Gy° "=, (tye 11z 11) pb

Vs = 4.226GeV /s = 4.258 GeV /s = 4.358 GeV| Type-I Type-Il Molecule
R 7. (3000) 2.24+0.9 < 5.6 2307740 0.277577 0.0467 01
Rz, (4020) < 1.6 < 0.9 <14 6.612°° 0.010F9-209

A.Esposito, A.L.Guerrieri, A.Pilloni, Phys. Lett. B 746, 194 (2015)
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Dynamical Z. tetraq.Type-l —

namical Z'. tetraq. (type indep.) —
1 !

Molecular Z. —

Molecular Z'c —
1072

1074+

102 0= 07 102 ol 1 10 100
R,
63 (Ij () " ZB ‘\Y, éj (I) () n —
@ 0 WO W O wo “1Q

Z. states have both tetraquark and molecule components?  Refined calculations needed!
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o(e'e —»nmJd/y) (pb)

s(ete->mm-Jhy): Y(4260) Y (4220)

PRL118, 092001 (2017)

BESII
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» Most precise cross section measurment to date from BESII|

4.2 4.4 4.6

\s (GeV)

> Y(4220): M =4222.0a0 3.1a 1.4 MeV (lower), I' =44.1a 4.3a 2.0 MeV (narrower)

> Y(4320): M = 4320.02 10.48 7.0 MeV, " =101.4*253 g 10.2 MeV
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PRD99, 091103 (2019)
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Mass~4220 MeV, width~ 60 MeV!
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BES]]I H N © L L[ OXXT arXiv:1903.08126
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»QQ O “ * 1(3770) Is observed for the first time, no evidence forf p O
» Hints of Z, in M(" “ y(3770)) at 4.04 and 4.13 GeV in /i =4.42 GeV data
» Clear structure in line-shape of * “ [ (3770)
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BESII

Y (4260) »
DD, molecule?

» Three different decay channels (O *
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» Clear structure in the line-shape of Q 'Q © 'O (¢ T ¢g@8No abnormal threshold effect seen.
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BESII Observation of e*e- >yX(3872)
8(c Y Y e ntn*IC

arXiv: 1310.4101, PRL 112, 092001 arXiv: 1903.04695, PRL122, 232002
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BES]]I Observation of L O ( [I;n_ arXiv: 1903.04695,

PRL122, 232002

BSignal process: QQ O [ @O [ Jukf ,withy © “ “ “ uff © ad
Ng,‘f : — Data There were only evidence at Belle (4.30)
2 0r and BaBar (4c) experiments!
0 [
£ 10 > Signal PDF:
m =
i i v’ 3 resonances: (X(3872), X(3915) and X(3960))
0
| M(aJhy) (GeVicd) 06 WoYyxgTUL W O
bvof = Dit v Two resonances: (X(3872), X(3915))
> B I
0 20 o "
2T L WwowRg T Y g
g 10F Mass Width
20 X (3872) 3873.3 + 1.1 (3872.8 + 1.2) 1.2 (1.2)
X (3915) 3926.4 + 2.2 (3932.6 + 8.7) 3.8 £ 7.5 (59.7 & 15.5)
: Modiy) GV X(3960) 3963.7 + 5.5 33.3 4+ 34.2

Hard to distinguish the two hypotheses since only ¢&® , difference.
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BESII

Events / 5 MeV/c?

Events / 5 MeV/c?

mm °

Observation of = 0 Z Fu

L

ta ", O‘l i ",
ee —ym ,gwwnh Xey — ,'QJ!w

C (a) 415<E_ <4.30 GeV
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L CcM CM

£75I = I3.i|30I - I3.|85| — |3.15JOI =
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3.95 4.00

arXiv: 1901.03992,
”— PRL 122, 202001

© Z I‘%L(Wi’(hl-%tp i, bk O m m

ta o U, TIR. .
ee -y ,{CJWIth,{CJ—}fszHJ

S sf
QO C
= 7
w -
— 5__
n -
= 5
@ = ' '
G 4 e et | K
= = g
o __1?4_: | o st P 2 .-L'l--.i_. .
'.30.35 3.45 3.50 3.55 3.60
M(y, _J/w) [GeV/c?]
> Clear signal of & o @ x i Y(4260) region, 0 P& §

» No @ o Y X events outsideof T ¢ @ Tt
> Clear cluster of ... p 0 events in X(3872) mass window
> First observationof @ o Yy x @ “ ... p O with significance >5,, .
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BESI

Measurements of &

O
il
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preliminary
S S
. Q Q
woyYyRer m g g
G ©* TQQ S S
Belle (4.95); BaBar (3.65); LHCb (>56) 3 . AR A
3.8 9 3295 4 3.8 3 4
(y J/q!(e e)) (GeV/c )

385 . 3
M(y Jw(ww)) (GeVic')

» Simultaneous fit; significance o®

Woyxerrooye G 2
> 10
|— (Ocplblq)u 14 OIF S }

[P

Belle (0.4c); BaBar (3.5c); LHCb (4.40) o r\:}l(wznw))s(%evb}gs) ’ o an(ws(isu)) (bcxageV/cs)95 *

[ C ) )l

[ C ) T

» Simultaneous fit; NO evident signal!

T® @t 90% C.L. Expectation strength
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BESII Measurements of = O m L Ar I

preliminary .
. L v O OrTOH O NoWPReroo
w(o- LlJ & Q O OZ U&B ’ . ruv‘ TR TA NN TR TR ? S A N TR T
O %L “*“H O Ovuv*“Ht
__ 10 ——7—
a~ 121 o 18F O [
o f O 16F S sF
2 | 3k 1
= s8f | s 12f , =
o I || t ™ 10F | 2
5 o K I 2 # * 2
P 4_' B — 3 1 -—
5 |L ]l l 5 o 4l 1 !{H"L g
" '-"l - :_ - Ji 3 .- LU
W 11 1.3_55 . W T “3.é5'
M(y DD) (GeV/c?) M(x°DD) (GeV/c?)
Npp+ = (25.5 + 4.4) Npp+ = (32.5+5.5) Nyp+p- = 0.0253

» Simultaneous fit on D*® - yD? and 7°D°

. - + —
> Significance > 7.4c No evident signal for yD™D

> Relative branching ratio compared with (o Y € “ “ Off

mode D*VDO0 + c.c. v J /) vy ~DTD~ wJ [ T Xe1

ratio 14.81 £3.80 0.794+0.28 < 0.42 <0.99  1.77,53x0.2[27] 0.887555 £0.10 [37]
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BCSIL X(3872) decay BRs

mode D*V DO + c.c. ~vJ [ vy ~DTD™ wJ [ T Xe1
ratio 14.81 £3.80 0.794+0.28 < 0.42 <0.99  1.77,53x0.2[27] 0.887555 £0.10 [37]

Withrecent " w(oc e “ “ uff (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!
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X. Y. Z particles are correlated!

What are they? Are they all molecules/tetraguarks/...?

o o
(o] (0]

o«
o N
UM B B B

G(YX(3872)>ym T JIy) (pb)
o
N

—+ Data
- BESIII 2014
— Fit

M%) (GeV/c?)?

11 12 13 14 15 16 17 18
M (m*Jhy) (GeVic?)?
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Light Hadron States
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BESIT Gluebal

program at BESIII in a nutshell

O 25 |0
3. THPP
3. THVV
3. THPPP
JI- Th I ek |/ /snsn

i . T

s Ke o+

® 0*, 2" : Coupled channel analyses
®J/. NHPP
@J. Thk +X
® O : trajectory, X(2370)
®J/. THhPPP
eJ). h V

« PWA published
* Published, PWA undone
« Ongoing

J. otz zwe Llyp zzl Lzy L)z 77

Flavor Filters

J. ThXy W

J: Thk +X

(.] [ | (‘:] |
¢ nn c 58

Anti filter:
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Events / 0.020 GeV/c2

Events / 20 MeV/c?

Pull

BESII

_Phys. Rev. D 87, 092009 (2013)

PWA of Jhy2>ymn/yK K P

| l 1 Resonance Mass (MeV/c?) Width (MeV/c?) B/ — yX — ynn) Significance
200 x*nbin=1.72 7 ¢ (1500) 1468142 1367412 (1650267031 105 820
150l 7 lf,(1710) 1759 + 6714 172 + 10732 (2.3510 }%*3} %j)\x 10 ) 25.00
: PWA of Jly=>ynn 1 £,(2100) 2081 + 13+ 273+27+10 (1.131090+064) 5 T0—4 13.9¢
100 q £3(1525) 1513 + 574, 75713488 (34218081137 X 1073 11.00
: 1 £,(1810) 182272+66 209752488 (54070801342 x 1073 6.40
50 1 f2(2340) 2362731140 33418210 (5.60+062+237) % 15 7.60
° 1.5 2 5 2.5 3 Resonance M (MeV/c?) Mppg MeV/c?) T MeV/c?)  Tppg MeV/c?) Branching fraction Significance
My (GeVie) K*(892) 896 895.81 £ 0.19 48 47.4+0.6 (6.2870164039y 5 106 356
_Phys. Rev. D 98, 072003 (2018) g (1279 1272 127247 90 90 + 20 (8.54+107+235) 5 107 160
6000 A fo(1370) 1350 £ 912 1200 to 1500 231 +21+28 200 to 500 (1.07+008+036) 10 -5 250
5000 o 75(1500) 1505 1504 £ 6 109 109 £7 (1.5977 ;g*;g);g‘[x 10 N 2%
4000 F- bl PR 5(1710) 1765 + 271 172370 146 + 37/ 139 + 8 (20005 N 10/ > 350
3000 - PWA of Jy>vK 0K 9 fo(1790) 1870 713 146 & 147 - (1L.1130087033) x 107 240
2000 £0(2200) 2184 + 5+ 2189 + 13 364 + 94 238 + 50 (2.7270084017y 5 10~ > 356
oo £o(2330) 24111047 349 + 1812 s (4.9510214066) 5 10-5 356
E S | , £2(1270) 1275 12755 + 0.8 185 186.7122 (2.5810081059y 5 10-5 336
% 3 i , # h w j{i* { h th N HUJ, 4| £2052) 1516 + 1 1525+5 75+1+1 731 (7.9970034069y 5 10-5 > 356
2 E i} 1++ HH 1y T [F(2340) 2233 + 347, 234573 507 4+ 3713 322770 (5.547 9344382y % 107 266
Tz 14 16 18 2 22 24 26 28 5 O PHSP : (1.857 007088y 10> 260
Mass(K.K,) [GeV/c?] 2++ PHSP (5.73 00 74) x 1075 130




BESIL  scalarftensor glueball candidate (€/2+")

Decay rate of pure glueball from LQCD:

L(J/¢¥ — vGo+) = %aﬂ,}gw |E4,(0)|2 = 0.35(8)keV T(J/1 — vGys) = 1.01(22)keV
T /T = 0.33(7)/93.2 = 3.8(9) x 103 T(J/% — vGat)/Thor = 1.1 X 102

CLQCD, Phys Rev. Lett. 110, 021601 (2013) CLQCD, PhysRev. Lett. 111, 091601 (2013)

Experimental results from J/\y radiative decays to scalars or tensors:

>B(hy > yf,(1710) > yo0)=yd § p T >B(hy 2 yf,(2340) > ymm)=u& g &) pm
>B(Jhy > yf,(1710) > yrn)=(4.0£1.0) p T »>B(Jhy 2 vF,(2340) = v00)=(pBop ™ T &) p T
>B(y =2 1,(1710) = yow)=(3.1£1.0) p T >B(Ihy 2 1f,(2340) > yKOK)=ud 1 § &) pm

»Bly > vf,(1710) > ymm)=(c& v § §) pm
= By > 1f,(1710))> 1.7 p T

f,(1710) / ,(2340) : candidates of the scalar/ tensor glueballs ?
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BESIT Anomalous line shape of d Nj- near smmthreshold

X( ) observed in J§ O r | X(1'1) observed inJF O il
Phys. Rev. Lett. 106, 072002 (2011) OZB ‘]/\V thS PRL 108, 112003 (2012); PRL 115, 091803 (2015)
_s00F (b) - 700
N;Q 400 — — } i: 600 3
3 : ] X(1835) P&=0-+ X('l) F=0-+ > 500 F L.
S 300 F " v 7 &
S TF i - A®y - - REs SO0 G
S 200F A K e MO
g g ~ 3 pOpPw® Z200F 7
m 100F 1 3 - AR ( E"HIfH@ 90% C.L.) L;E 100 F ofee .
0 1.4 1.I6 118 2.‘0 2.I2 2.‘4 2.‘6 2.8 (())() ()41 ..... 012 0.3
M) (GeV/c?) M, -2m,(GeV/c?)
2500 2500 e T RARRRRRNRN RARRRRE
[T T T T T T T ARAREES . ~Data
C vk f 1 _gltia” ] 1 138 \]/\V thS FoeT —?I105h1a[I"Fit 1
IS S & R R S £1510) ] —~ 2000 |- of 1 o £§1835)+X(1STB;
2000 s+~ S RO * X ]
O W o= T PRL 117, 042002 (2016) 3 Y e mEEER
O i 1209 ] mm Background 1 s 1500_ i A pp threshold ]
§ 1500 — ot 3 - pp threshold __ o _. . . ._
8 7 T 5 = m Model I : Model I I : E’ - 8 1 18 105
@ o0l N 4 Flatte line shape with strong Two coherent BW, X(1835) £}
g o 1 coupling to fnfand one and one additional, narrow 3 .
T} 1 .y
S0 ~ additional narrow BW at BW at ~ 1870 MeV
/o ~ 1920 MeV significance > 7o ] -
01.3 14 15 16 17 18 19 2 21 22 13 14 15 |1\}|6 ,1;7 1'& \1/‘?2 2 21 22
M) (GeV/ic?) [nm'n] (GeVicT)

» Existence of a broad state with strong couplings to Nl or a narrow
state just below the nnlmass threshold
« Existence of a nfnlmolecule-like state or bound state?



BESIL  Search for X(1835)’s other decay modes

Iy 2vy¢:

v First observation of n(1475)/X(1835)2>v¢.
v Angular distribution favor JF¢ =11
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Phys. Rev. D 97, 051101(R) (2018)
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Phys. Rev. D 99, 071101(R) (2019)27



CERN courier

for studying

the BESIII experi-

BESIII amasses record J/ dataset
On 11 February,

ment at the Beijing Electron Pos-
itron Collider in China finished
accumulating a sample of 10bil-
lion J/p events - the world’s larg-
est dataset produced directly from
electron-positron annihilations.
Decays of the J/i particle offer a
cleanlaboratory for studying exotic
hadrons composed of light quarks
and gluons, including those com-
posed of pure gluons. With 1.3bil-
lionJ/y events collected in 2009 and
2012, BESIIT hasreported many such
studies. The record J/y-event data
sample — which adds the 8.7billion
events collected in 2017, 2018 and
2019 - will improve the precision
of such studies.

light hadron spectroscopy

Unigue sample

10 Billion J/y events by Feb. 2019

100
95
20
i
80 F
7
7
65
60
53

(gr ) 1=dArTN

28

-ZO0-6T0Z
SO-Z20-6T0g
PO-Z0-6T0L
E0-20-6T0L
ZO-Z0-6T0L
TO-Z0-6T0L
TE-TO-6T0L
DE-TO-GTOZ
BZ-TO-6TOZ
22-TO-6T0L
L2-TO-6TOZ
9Z2-TO-6T0Z
S2-TO-6T0e
PE-TO-6TOZ
E2-TO-6T0E
ZE-TR-6T0E
TE-TO-6T0z
02-TO-6T0L
BT-TO-aT0Z
2T-To-6Toe
LI-TO-6T0E
ST-To-6ToL
ST-TO-6T0Z
PI-TO-6T0L
ET-TO-6T0Z
ZT-TO-6T0L
TT-TO-6T0Z
OT-TO-6T0
BO-TO-6TOZ
B0-TO-6T0Z
LO=TO-6T0
0-TO-6T0Z
SO-TO-6T0
PO-TO-6TOE
E0-TO-6T0L
Z0-TO-6T0L
TO-TO-6T0L
TE-ZT-8T0e
DE-ZT-8T0L
B2-ZT-8T0L
92-ZT-8T02
L2-ZT-8T02
92-ZT-8T0L
SZ-Z2T-8T0e
PE-ZT-8T02
£2-2T-8T0z
ZZ-ZT-8T02
TZ-Z2T-8T0z
02-2T-8T0e
BT-ZT-2T0Z
ST-2T-8T0C
LT-ZT-8T08
ST-ZT-8T0C
ST-2T-8T0c
PI-2T-8T0C
ET-ZT-8T02
ZT-ZT-8T02
TT-ZT-8T02
OT-ZT-8T02
BO-ZT-8T02
B0-ZT-8T02
LO-ZT-8T02
[0-ZT-8T0L
CO-ZT-8T0z
PO-ZT-8T0L
E0-ZT-8T02
Z0-2T-8T0C
TO-ZT-8T0L
DE-TT-8T0L
B2-TT-8T0Z
22-TT-8T0L
LZ-TT-8T0Z
S2-TT-8T0L
SZ-TT-8T02
PE-TT-8T0C
£2-TT-8T02
Z2-TT-8T02
TE-TT-8T02
OZ-TF-2T0Z
BT-TT-8T0z
2T-TT-2T08




Charm Physics



Leptonic & semileptonic decays
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Leptonic and semileptonicdecays of charmed
hadrons (D°, D*, DS, A.*) provide ideal testbeds
to exploreweak and stronginteractions [/

1. Vgl better test on CKM matrix unitarity
2. (Semt)leptonic D decays allow for LFU tests
3. Ty £ (0): test of LQCD




BESII

2.93 fb-' data@ 3.773 GeV

PRDS89, 051104 (2014)
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New inputs from PDG2018:
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BCSI foe|Vod from D Sf21*v

New inputs from PDG2018:

0.48 fb-t data@4.01 GeV 3.19 fb! data@4.178 GeV value
my 0.1056583745(24) GeV
PRD94, 072004 (2016) PRL122, 071802 (2019) m; 1.77686(12) GeV
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Comparisons offy,, foe, and f :fo.,

HPQCD (2+1) ——i HPQCD (2+1) s HPQCD  (2+1) |
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=» More discussion in Prof, Gottlieb’s talk next session. 33



B'GS]]I fK+(O)|Vcs| from DO%K-H+V PRL122, 011804 (2019)

Differential partial widths Assumed to be independent of g2 following

j; _ f;:;i‘;!) | ﬁﬂquﬂz(%%ff)z FOCUS's treatment (PLB607, 233 (2005))
1 — 2 mg 2 2
X [3mD|PK| ' Sm;(m” = My + 2mp q= Pu+ Pv
+ g PEE g D T ) Wo = (mp + mk — mj)/2mp
30 X2/NDOF = 15.8/15] 3 (b) |

N
(=)

Series expansion
parameterization for
form factor (2" order):

N
(=)

AT/Aq* (ns'GeV2c4)
-
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e . e
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HFLAV16 averages based on a combined analysis of all

D->K(w)lv measurements before 2016 using series expansion

Comparisons of form factors f K®@(0)
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BESIL  LFU test with semileptonic decays

Mode DPdecay 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
TV 0.272+0.010 0.350+0.015
v 80°° NN 4EAT OAOGPAAIDDAOEIT |
300" Q CTHIOX
30 0 ‘
Y 5o g eTTBITU Y T8y L TE8ITIC
y 39°0 8o X T T8t Y  T®@oX LTI
2000 Q° X1 PT X U P
v 292°9% aprm
5000 PRPTTEIAX

Lepton universality tested at % level! 36



Baryon Form Factors
&

Polarization
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Nucleon (@ndbbaryen) &enmakFactor

® Fundamental properties of the nucleon
» Connected to charge, magnetization distribution
» Crucial testing ground for models of the nucleon internal structure

» Necessary input for experiments probing nuclear structure, or trying to
understand modification of nucleon structure in nuclear medium

® Can be measured from spadxe processesgN) (precision 1%)
or time-like processé¢*e annihilation) (precision 10%30%)

eN-> eN o
ete” — NN Z [[.[E

Spacelike:

FF real Timelike:

FF complex
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Proton Formreactofl§R-Hdirect

a R — o BES
2 1000 ° B BESII2019 4+ FENICE
—— e BESII2015 A ET80
2 « BESIl(unTagged) O EB35
I3 & BaBar(Tagged) PS170
© @ BaBarunTagged) + DM2
| + CMD3 2Indf=0.5863
500+
O
2 2.5 3
(a) Vs[GeV]
E B Il BESIN2019
= L.
O 03+
2 030 fyuh
: ||
0.2f **
E
0.1_— + ;
0 B | 1 1 | 1 1 * +| *I
2 2.5 3
() (s[GeV]

G_/Gy(s)

[l BESII 2019

2 e BESII 2015

BESII(unTagged)

& BaBar(Tagged)
* CMD3
PS170

ey
| ?

0.5
:. I I I
0 2 2.5 3
(b) 's[GeV]
i W BESIN2019
i BESIII 2015
0.3F = BaBar(unTagged)
B PS170
i '*
0.2 "'4
B O
0.1 4
i - - —--h-
0 [, L N
2 2.5 3
(d) s[GeV]

1905.09001, submitted to PRL
+ PRD99, 092002 (2019)
+ PRD91, 112004 (2015)

A. D. Sakharov, Zh. Eksp. Teor.
Fiz. 18, 631-635 (1948)

~N N\ [V

OIEI@%OEAOE

Ac = 0.85 nb for proton

Agree well with data.
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T 1903.09421, submitted to PRL
7 Ll 3 + PRD97, 032013 (2018)

., | #1001 EI BAOAROE]
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0 12 _+_ T 16 "

M /M 3, —

threshold

Spin-correlation between A and

a

Ac = 0.305+0.058 nb in data!

A and the polarization allow a
measurement of the relative

phase between G and G,!

Ac = 0 for neutral particle!
Ac = 0.60 nb for charged

particle with A mass.

AD=(37+12+6)°
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More study witih other baryons

A Al
810 = e BESIII 2015 e BESIII 2012
— 108
310 = e BESIII 2014 e BESIII 2011
10° = | —=— SND (2011 +2012) = BES (1999 + 2004)
10* é— —— FENICE (1991 + 1993)—— DM2 (1984)
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Threshold behavior of different baryons; |Gg|, |G|, and A® over large range of g2.
More studies with polarized baryons = decay parameters, CPV, ...



Polarization of A hyperon and CPV

420K selected J/y=> A A in 1.3B J/\y events.
First observation of A polarization!

\

Parameters This work Previous results Only

4 measurement
AP (42.440.6 £0.5)° = 2019 )

g
o 0.750+0.009+0.004 ~ 0.642+0.013" )
2% level

oy —0.758 £0.0100.007 —0.714+0.08 sensitivity for
o —0.6924+0.016 £0.006 CPV test )
Acp —0.006 £0.01220.007 ~ 0.0060.021"
0o/ O 0.913+£0.028 £0.012 _

Highest sensitivity test of CPV in baryon decays!

arXiv: 1808.08917, Nature Physics (2019)

https://www.nature.com/articles/s41567-019-0494-8
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Summary

BESIII achieved a lot in the experimental study of hadron physics
and weak decays of charmed hadrons;

BEPCII beam energy is upgraded from 2.3 to 2.45 GeV,
topup 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 continue data taking for another 5-10 years and contribute
more In these fields;

LQCD calculations are essential to understand our data!
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Thank you!
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BCSI Charm Production at Threshold

» Single tag: fully reconstruct the signal D ), A

C

* Double tag:

- Fully reconstruct the tag D,

« Search for the signal mode in the recoil system

» Possible to measure absolute branching fraction or suppress background

K~ /,,7?1'+
m éﬁ 7" Signal side ®<”0 signal side
T
n

N T O m—)  4.178GeV e
K™ K* ‘:‘“@
Tag 5|den_>@ Tag side TI_;W
.
DE = ED B EBeam

A taking advantage of kinematic constrains

I\/IBC = \/Eéeam ) pé
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BESIT Polarization of A hyperon and CPV

W(E; Oy, AP, 0, 0 ) =1 +0Llpc0329A
+ o0 [sin?0p (1 an2.x — Oty o y) + (COS™Op + Oy ) 1y 2112 -]
+ o0t/ 1 — Oy? cos(AD)sinOx cos O (11 xn2 - + 1y 1o i)
+1/ 1 — 0ny? sin(AD) sinOx cos O (0_ny y + 04 n2.y) .

A non-zero A® results in A polarization and makes
measuring o, and a_ simultaneously possible! 46



BGSIE PWA O_I; .J/\I]%’Y(I)(I) Phys. Rev. D 93, 112011 (2016)

(f) 2500 L e 0" model independent
NU L e 0™ model dependent
> Besides 11(2225), the pseudoscalars above 2 GeV are poorly > 2000 - i oo 0" model e
= = _ :+-i. 2" model independent
understood. S 1500 F %, -+ 2" model dependent
3 : # *
» Jhy—2>vdd provides opportunity to study m & ¢ states £ 1000 - ¥ *""*m.,-*
L B i . :‘:t__.
above 2 GeV. 500 ;.5'5 AT, e
_ L - i A nys
» Dominant contribution from 1t states 0 L™ L DIt
2 2.2 24 2.6
v’ 1(2225) is confirmed M(99) (GeV/c?)
v NeWIy observed: Tl(2100) and X(2500) Resonance M (MeV/c¢*) T’ (MeV/c?)  B.F. (x 107%) Sig.
o n(2225) 22161313 18513 (240 +£0.1075) 280
> ¢ contibutions 7(2100) 2050730475 250130181 (330 +0.09700) 220
5+101 + 5 :
v £,(2010), f,(2300), ,(2340) from wp->¢én are observed, X200 24707557 23075757 (0.17£0.02555) 8:80
£0(2100) 2101 224 (043 +£0.04702) 240
v Large production rate of f,(2340) /2(2010) 2011 202 (0.35+0.051575) 950
_ _ £2(2300) 2297 149 (0.44 +0.07:0%) 6.40
» Model dependent PWA results are consistent with those from  [7,(2340) 2339 319 (1.91 £0.147072) 1lo
S (2.74 £0.151),2) 6.80

MIPWA.
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