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BESII

Outline

* Introduction to BEPCII/BESIII
* Selected highlights of BESIII results

— charmed hadron decays

— charmonium- and strangenium-like states
— light hadrons

— form factors of baryons

* Prospects for the future
* Summary

Disclaimer: selective overview, not comprehensive;
More results will be covered in the following BESIII talks.

SESSION 22.08. A (Colliders: New Physics)
16.30 D.Wang (PKU) Recent results of new physics searching at BESIII (15 min)

SESSION 23.08. C (Physics at Colliders)
15.15 Y.Huang (IHEP, Beijing) Progresses on light hadron physics (15 min)
SESSION 25.08. A (Charm Physics)

8.30 H.Li (Henan Normal Univ.) Recent results of charm physics at BESIII (20 min)
8.50 X.Qin (Fudan Univ.) Recent searches for exotic charmonium-like states at BESIII (20 min)
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BESIT
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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Beijing Electron Positron Collider (BEPCII)

— -
beam energy: 1.0 - 2.3(2. 45) GeV

2020: energy upgrade to 2. 45 GeV
\ 2004: started BEPCII upgrade,
' BESIII construction

§ 2008: test run

2009 now: BESIII physics run

f |+ 1989-2004 (BEPC):
Lyea=1.0x103 /em?s

e 2009-now (BEPCII):

Lpeak= 1.0 x1033/cm?(4/5/2016)
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ol The BESIII detector

) Hy EMC: Csl crystals
s @\

AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps
2~ TOF:

1
e
S

NIM A614, 345 (2010)

060-05%°

o7 = 80 ps Barrel
o7t = 110 (60) ps Endcap

small cell & He gas
Cyy= 130 um
e

IIIIIIIIII

: o,/p = 0.5% @1GeV
............. dE/dx = 6%
&

= Magnet: 1T Super conducting
277 =

; Muon ID: 9 layer RPC
w0t y

Trigger: Tracks & Showers

QSOO

ﬁ
€60

MDC:

The new BESIII detector is hermetic for neutral and charged particle
with excellent resolution, PID, and large coverage.
Xiao-Rui LYU
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BESII
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BESII

2009:

2010:
2011:

2012:

2013:

2014:

2015:
2016:
2017:
2018:
2019:

2020 :

2021

2021:
Xiao-Rui LYU

106M y(25)

225M Jly

975 pb-t at w(3770)

2.9 fb-1(total) at y(3770)
482 pb-tat 4.01 GeV
0.45B (total) w(2S)

Totally about 32 fb!
1.3B (total) J/y

in 12 year running

1092 pb-1 at 4.23 GeV
826 pb-1 at 4.26 GeV
540 pb-! at 4.36 GeV R
10 X 50 pb~! scan 3.81 — 4.42 GeV
1029 pb-1 at 4.42 GeV
110 pb-1 at 4.47 GeV
110 pb-1 at 4.53 GeV 200
48 pb-! at 4.575 GeV
567 pb-1 at 4.6 GeV 350
0.8 fb-1 R-scan 3.85 — 4.59 GeV 300
R-scan 2 — 3 GeV + 2.175 GeV 250
~3fb-1 at 4.18 GeV (for Dy) 200
7 x 500 pb-! scan 4.19 — 4.27 GeV 150
more J/y (and tuning new RF cavity)
10B (total) J /v 100
8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV >0
3.8 fb-! scan 4.61-4.7 GeV 0
. 2 fb! scan 4.74-4.946 GeV

3.35 fb'l @(2S) 3.0 B

BESIII Data Samples

T \ T 1 1 1
e u d S 3 loop pQCD
wlk A F emeeaeaaa- Naive quark model —
P I
et g oo Ko e et e R e ko sa o]
TE Inclusive: 3
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P | i
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BESII

Physics at tau-charm Energy Region

0

BES9S PRL S84(2000) 594 AT
BES , PR L 8s(=2002)1 01 802
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* Hadron form factors
* Y(2175) resonance
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* Light hadron spectroscopy * XYZ particles

_ * Gluonic and exotic states * D mesons
: M.utlthuark states * Process of LFV and CPV  f,yandf,,
with s quark, Zs * Rare and forbidden decays * D,-D, mixing
* MLLA/LPHD and QCD * Physics with T lepton * Charm baryons

sum rule predictions
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BGSIEJnique data sets near thresholdsig)

e'e symmetric collision: 1‘::‘]26 > ISR Bip e S
O e BESII 2014 e BESIII 2011
energy scan data sets at open 10° SND (2011 +2012) —<— BES (1999 + 2004)
charm thresholds 10' = | —=— FENICE (1991 + 1993)—e— DM2 (1984)
10° _ - N - + - —
3.773 GeV, 2.93 b1, DD wph e (R E . M ppTT A
4.008 GeV, 0.48 fb~2, D;Dg g eomtt T oo .
4.18-423 GeV, 6.32fb~1, DD 4. " Tecas )
4.6-4.7 GeV, 4.4 b1, A A, 1015 | ! !
2 25 T3 T3s - ¥ T 7]
GeV/c)
Energy scan in 2014-2015 at BE§ISI

» 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

» Hyperon and charmed baryon spin polarization in quantum entangled productions;

Xiao-Rui LYU Lomonosov Conference, 2021 9



BESII BESIII advantage: unique data near to

the thresholds

Known initial 4-momentum

YT — pui
Single tag P

-

Known beam energy: pair productions

e+ e-
Decay with neutron & m°
Decay with invisibles: neutrinos >t - prd
Missing mass or missing energy
use machine-learning algorithms?
under study by
Zhang Jian-Lu
Missing mass =
80 : [ f; )
] o Ve
g (m
2 & A
Ez ol 02 0.1 0 01 xrview | — \\\ Qlj
540 \ /
z (A) — @
20 <
E /._/ +
07 — e

[GeV¥cY

.M2

‘miss
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Excellent resolution
Beam-constraint A, mass

%] L
= :
< 1000+
— I
3z i
E 500
%)

> ks
=

225 226 227 2.28 229 2.3
M, (GeV/c?)

Neutrino reconstruction
Ag’ — Aety,

W
=]
I

Events /0.010 (GeV)
7 T

-0.2
Umiss

(GeV)
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BESII

g ”: Signal side
éﬂ
-

+
Tag sideK_>@
m

2.93/fb at 1(3770)

G2f2, "
(Dt = £u) = D(’f‘\'"V 2mpe (1
() 7= M= 8 cd(s) ¢""'Dt, 5

Purely Leptonic

Take V,, from fits to CKM Similar to leptonic decay but now
assuming unitarity and measure f | q (= four-momentum of W) * Isospin
dependent » SU(3) flavour
Precise test of lattice QCD in * Different amplitudes T, P, A, E
charm and extrapolate to beauty | Test QCD models of the form * Long and short distance effects
factor

Xiao-Rui LYU Lomonosov Conference, 2021 11



BGS]]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\ _s 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?

Xiao-Rui LYU Lomonosov Conference, 2021 19



BESII Extraction of |V 4| and f +

Take fpt2CP as input :

| V4] =(0.2210+0.0058+0.0047) (u*v mode)

SMfit PDG18

PDG PDG18, Dty

BESIII PRL123,211802 , D'
BESIII PRD89,051104, D*—uv

BESIII Expected (20fb™), D*—uv

CLEO PRD78,052003, D*pv, v

0.22438+0.00044 n

0.214£0.003£0.009 ===

0.218+0.009:0.003 ——

0.237+0.024:0.012

e

0.2210+0.0058+0.0047 ===

0.2210£0.00210.0017 =

Take |V 4| CKMfitter 35 jnput :

fp.=(203.2+5.31+1.8) MeV (n*v mode)

0 005 0.1
Vi

cd

Xiao-Rui LYU

015 02 025

III|III|III|III|III|III|III|III|I

FNAL/MILC PRD98,074512
RBC/UKQCD JHEP1712,008

ETM PRD91,054507
FNAL/MILC PRD90,074509

HPQCD PRD86,054510
FNAL/MILC PRD85,114506

CLEO PRD78,052003, pv, TV
BESII PRL 123, 211802, tv
BESIII PRD89,051104, v
BESII Expected (20fb™), uv

III|III|III|III|III|III|III|IIIII

212.740.6
208.7:2.87
207.4:3.8
21261047
208.313.4
21894113
206.818.7+2.5
224512284113
203.215.3:1.8

203.242.0+1.5

-

=

100 120 140 160 180 200 220 240
. (MeV)

Most precise measurement

Lomonosov Conference, 2021
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BESIT  Extraction of [Ves| and fp+

T 1 T T 1 1 1 T 1 1 I T T T
CKMFitter P1JEP2020(2020)083C01 ! 0.97320+0.00011 )
HFLAV1S8 EPJC81(2021)226 0.969+0.010 .

CLEO PRD79(2009)052002, t.,v 0.981+0.0440.021 g

CLEO PRD80(2009)112004, T v 1.001+0.052+0.019 e

CLEO PRD79(2009)052001, T,v 1.079+0.068+0.016 ot

BaBar PRD82(2010)091103, v 0.953+0.03310.047  HeH

Belle JHEP09(2013)139, 1., .v 1.017+0.019+0.028 ot

BESIII 0.482 fh! PRDY4(2016)072004, pv 0.956+0.069+0.020 o

CLEO PRD79(2009)052001, pv 1.000+0.040+0.016 Fed

BaBar PRD82(2010)091103, pv 1.032+0.03340.029 [ 2]

Belle JHEP09(2013)139, puv 0.969+0.0260.019 2]

BESIII 3.19 fb!  PRL122(2019)071802, pv 0.985:+0.014+0.014 ol

BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], pv  0.973+0.012+0.015 .

BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], T.v  0.97240.023+0.016 7]

BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], T,v 0.980+0.023+0.019 ol

BESIII 6.32 fb!  arXiv:2106.02218 [hep-ex], T.v  0.978+0.009+0.012 ™

BESIII uvl3.l9 b’ + v 6.32 " I 0.979+0.007+0.008 .I Combined
1 1 1 1 1 1 1 1 1 1 1 1 1 1

T T I T T T T l T T T T I T T T T I
ETM(2+1+1) PRD9Y1(2015)054507 247.2+4.1 Fed
FMILC(2+1+1)  PRDY8(2018)074512 249.9+0.4 .
FLAG19(2+1+1) arXiv:1902.08191 [hep-lat] 249.9+0.5 .
HFLAV18 EPJC81(2021)226 254.5+3.2 tel
CLEO PRD79(2009)052002, t.v 251.8+11.245.3 ——
CLEO PRD80(2009)112004, tv 257.0+13.345.0 ——
CLEO PRD79(2009)052001, t,.v 277.1417.5+4.0 —e—
BaBar PRD82(2010)091103, 7. v 244.618.6+12.0 H—e—H
Belle JHEP09(2013)139, <, v 261.1+4.8+7.2 HeH
BESIII 0.482 fb! PRDY4(2016)072004, pv 245.5+17.8+5.1 F—e—i
CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 ——i
BaBar PRD82(2010)091103, pv 264.918.417.6 H—e—H
Belle JHEP09(2013)139, pv 248.816.6+4.8 e
BESIII 3.19 fb!  PRL122(2019)071802, pv 253.0+3.743.6 o
BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], pv 249.8+3.0+3.9 HeH
BESIII 6.32 fb-l arXiv:2102.11734 [hep-ex], T,V  249.7+6.0+4.2 [T
BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], TV 251.6+5.9+4.9 [rava
BESIII 6.32 fb'l arXiv:2106.02218 [hep-ex], Tv  251.1+2.4+3.0 ol
BESIII | uv3.19fb" + v 6.32 b 251.4+1.842.2 ™  Combined

1 1 1 1 1 1 1 1 1 1 1 1 1 1

—

-1 0
Vel

* Input fj+ =249.91+ 0.5 MeV
from LQCD calculations

0 100 200 300
fo. [MeV]

* Input|V,.| =0.97320 1+ 0.00011
from CKM global fit

Most precise measurement
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Form factors f

D—h
_|_

ETM PRD96,054514 0.612+0.035

HPQCD  PRD84,114505 0.666:£0.02+0.021

Belle PRL97,061804, D°—xT'v  0.624+0.020+0.030

BaBar PRD76,052005, D’»re'v  0.610+0.020+0.005 —_—

CLEO PRD80,032005, D—me*v 0.666+0.019:+0.005

BESIII PRD96,012002, D*>nle’v  0.6216+0.0115+0.0035 —.—

BESIII PRD92,072012, D°—me’y  0.6372+0.0080+0.0044

BESIII Expected (20fb™), D°->ne'v  0.6372+0.0031:0.0040

PR SN T ST TN TN T NN SN ST SO SR AN TR SR S WA S
0.3 0.4 0.5 0.6

f3(0)

Precisions better than those of LQCD results

—T ¢ ¢t & ¢ [ ¢ & ¢ L | T ¢ 3
ETM PRD96,054514 0.765+0.031
HPQCD PRD82,114506 0.747+0.011£0.015
Belle PRL97,061804, D°->KT'v 0.695+0.007+0.022
BaBar  PRD76,052005, D’>Ke'v  0.727+0.007+0.009
CLEO PRD80,032005, D—Ke*v 0.739+0.007+0.005
BESII PRD92,112008, D*—)Kfe’v 0.74810.007+0.012
BESII  PRD96,012002, D'—>Kle'v  0.7246+0.0041:0.0115
BESIII PRL122,011804, D°—>Kp*v 0.7327+0.0039+0.0030
BESII  PRD92,072012, D’»Ke'v  0.7368+0.0026:+0.0036
BESIl  Expected (20fb"), D°>K'e*v  0.7368+0.0009:0.0033

PR IS T S N AN T S T N N S S

0.4 0.5 0.6
f£(0)
Xiao-Rui LYU
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BESIT  Quantum entangled D°D° Strong
phase measurements

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

0 _+ -
"D - Kg/ "™ pri124(2020)241802

Constraint ony
measurement ~ 0.99

3k T T |m 3F T T = F
. CP-evenvs. Ky CP-odd vs. K{m'm 1F
B 2K ]z oL o5f
% % :
g S & of
= = [
! T Ir 0.5F
1 ] 1 1 1
1 2 3 1 2 3
My, (GeV?/c) My, (GeV?/c)
0 — =t ot =t 0
uD — K¢, K*K~ PRD102(2020)052008 Do Kn'n'n andK ' m
B e P R JHEP 2021 (5) (2021) 164
[ Statistical (@) ~ Statistical ) ] 350 350
— Total 1= Total E E
! 1 300;‘ N — 300% BE2S|||
0.5 . 0.5 1 S FC1Ax =2.30
7 250, = _ 250; EAXz=6.18 -
& of 2 w of ] & 2002 = 200 I Ax"=11.83 '
: ; | £, E. f
05 0.5 E 150; S N 7S 1505— CLEO-¢
i s 1 100F- I G S o A 100 — Ax?=2.30
-1 — CLEO-c -1 _ CLEO-¢ E — [ o Ay2=6.18
[ * BaBar Model * BaBar Model ] 50F e SOE—AX2=1 1.83
& [ L i | [ " [ I ! 1 L 1 1 Fo/ F
1'-51.5 -1 05 0 05 1 15 1'§1.5 -1 -05 0 05 1 15 bl bl b L bbb b b b e
¢ ¢’ 0 0.1 02 0.3 04 0.5 06 0.7 0.8 0.9 1 0 0.1 02 03 04 05 0.6 0.7 0.8 09 1
i i
Constraint on y measurement ~ 1.3° Ricax Riane

Constraint on y measurement ~ 69
Xiao-Rui LYU Lomonosov Conference, 2021 16



BES]]I + !
muwsnao 1 he A, decays
3000 BKg pK*w pK*n'n®
20001 F o C
1000+ F F
Hadronic decay
a 600
E a00f- Af - pK~mt + 11 CF modes PRL 116, 052001 (2016)
3 " A —pK'K-, prire PRL 117, 232002 (2016)
3001
2o A} >nKsn* PRL 118, 12001 (2017)
g , A —pn, pr PRD 95, 111102(R) (2017)
30| PR i A= I PLB 772, 388 (2017)
200F 3
wo-_,____/L- A, 0 Af - 0K PLB783, 200 (2018)
226 228 23 226 228 23 226 228 23 n n
M, (GeVied) AY - Anm PRD99, 032010 (2019)
AY 53t oty CPC43, 083002 (2019)
A} — BP decay asymmetries PRD100, 072004 (2019)
— PRL115.221805(2015) —
S ) Af - pKen arXiv: 2012.11106
Ci’)v 10F m Semi-leptonic decay
o f L
= | ” + A >Aetv, PRL 115, 221805(2015)
> 4k h
= “ I Af Aty PLB 767, 42 (2017)
i~ i .
L1071 | [|IH Inclusive decay
- il +
- - L AF—AX PRLI21, 062003 (2018)
-0.2 -0.1 0 0.1 0.2
Unniss (GeV) AF—etX PRL 121 251801(2018)
AKX EPIC 80, 935 (2020)
Production
A A7 cross section PRL 120,132001(2018)

Xiao-Rui LYU Lomonosov Conference, 2021 17



BES 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.

Inclusive modes

I (e* semileptonic) /Tiotal r;
This is the purely e semileptonic branching fraction: the et fraction from + dgfffays

y:

s A <= CLEOCc

mmms_ = m e o o fre o ~ dominants the
e i 12 04 o t oane. P e ox P . Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

(= anything) /otal /T DS B ran C h N g

Events with two 7 1's count twice, etc. Buflx™'s from K e not H
e (™ Fraction At REFERENCES
119.3£1.240.7 DOBBS 9 CLEO e v

measurements.

r("":"vt'“"ﬂ/‘rtotig T [>/" We have omitted some papers that have been superseded by later exper-
D Meluded R I (SyS Err. iments. The omitted papers may be found in our 1992 edition (Physical
43.240.9:£03 DOBES o cleo effe” v Dominates CF Review D45, 1 June, PartIl) or in earlier editions.
r(=° anything)/l’tmalg ] . . ra/T

Events with two 7’s count twice, etc. But o' from K t are not Mcluded
vocumenro | recn  clfave modes. Many AALJ 19AG PR D100 032001 R. Aaij et al. (LHCb Collab.)
123.4+3.6:45.3 DOBES 9 CLEo N ABLIKIM 19AX PR D100 072004 M. Ablikim et al. (BESIII Collab.
I (K~ anything) /Itotal SCS&DCS ABLIKIM 19X  CP C43 083002 M. Ablikim et al. (BESIII Collab. e
‘1:;;05;‘;; '[’)((’;E’;;’;“ — % — mOd es ABLIKIM 19Y PR D99 032010 M. Ablikim et al. (BESIII Collab.
r(.K+l h Y ° AAlJ 18N PR D97 091101 R. Aaij et al. (LHCb Collab.)

anything) /Ttotal AAlJ 18R JHEP 1803 182 R. Aaij et al. (LHCb Collab.)
VALUE (units 10-2) DOCUMENT ID. TECN O bSe rved . J
289106403  posss B o ) AAL) 18V JHEP 1803 043 R. Aaij et al. (LHCb Collab.
F (K2 anything) T ABLIKIM 18AF PRL 121 251801 M. Ablikim et al. (BESIII Collab.
kS anything) /M toca e Y 7 4 ABLIKIM 18E  PRL 121 062003 M. Ablikim et al. (BESIII Collab. pk
19.04£1.0+0.4 DOBBS 9 CLEO ,} ABLIKIM 18Y  PL B783 200 M. Ablikim et al. (BESII Collab.)*
I (n anything) /Trotal BERGER 18 PR D98 112006 M. Berger et al. (BELLE Collab.

This ratio includes 7 particles from 7’ decays. ABLIKIM 17D PL B767 42 M. Ablikim et al. (BESIII Collab.
YALUE (units 16 %) o7 LocumenT i@ Tecw ABLIKIM 17H PRL 118 112001 M. Ablikim et al. (BESIII Collab.
D e o ot use the following data Tor svraged|ite, e, < ABLIKIM 17Q PR D95 111102 M. Ablikim et al. (BESIII Collab. J
235431420 674 + 91 HUANG 068 CLEO ABLIKIM 17Y PL B772 388 M. Ablikim et al. (BESII Collab. e
I (w anything) /Frotar PAL 17 PR D96 051102 B. Pal et al. (BELLE Collab.)
VALUE (units 10-2) DOCUMENT i0 Wl TECN ABL|K|M 16 PRL 116 052001 M Ab'lklm et 3’. (BES“' Collab )*
61414403 DOBBS 9 CLEO ABLIKIM 16U PRL 117 232002 M. Ablikim et al. (BESIII Collab. )*
I (o anything) /Tyotan YANG 16  PRL 117 011801 S.B. Yang et al. (BELLE Collab.) )*
Mavensiof) ____ £Vis  DOCUMENTID f§f  TEW ABLIKIM 15Y  PRL 115 221805 M. Ablikim et al. (BESIII Collab.
e iason ERAeE o e [ss Sess oo, 4008 mev ZUPANC 14 PRL 113 042002 A. Zupanc et al. (BELLE Collab.)
LT 0T e the otowing oS g, SEO o o ey LEES 11G PR D84 072006 JP. Lees et al. (BABAR Collab.)
87+19+08 68 HUANG 68 CLEO Sde DOBBS 09
I (f(980) anything, fo — @ 7 ~) /Tioral /T
Qs % voses [ cieo e ot mromev
I (¢ anything) /Tiotal M2/T
157405208 == Coses @ cco fe wmmover
e e o We do not use the following data for averagedlfits, limits, etcfie o o
16.1£1.2x1.1 398 £ 27 HUANG 06e CLEO e DOBBS 09
F(KJr K~ anything) /Ttotal M3/T
mestssts boess o cieo e wmmome
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BESII

Hadron Landscape

A Ay _ : :
Two-body 8000 = o0, Hadron-physics challenges:
Thresholds Ecg EcEt . )
— el el « Understanding of established
a e states: precision spectroscopy
Gluonic dag,u:ug,sgg ceg :
S - : « Nature of exotic states:
i search and spectroscopy of
_ unexpected states
- Light Mesons Charmonium
Eﬂqesons Tl 906 ¥(23)
p,f,a,h,K TA TS
ST
LEAR! BESIII;
T — T T §_'l T
1 2 3 4 5 6 3
Mass [GeV/c?] 107 ey, SRt Ll L - =
g :~Io. Peo ®
= "
5 | - :
At BESIII, two golden measures to study - ; A
. (1l SRl e Gl - & -
hadron spectroscopy, esp., to search for exotics : i
* Light hadrons: charmonium radiative decays (act I | ‘
. | - | | PSS ST L
as spin filter) ( 10 B J/y and 0.4 B y¥(25) ) 38 40 42 44 46 48 50
Ecm (GeV) EE,

* Heavy hadrons: direct production, radiative and

hadronic transitions (data above 3.8 GeV) data above 3.8 GeV
ve 3.

Xiao-Rui LYU Lomonosov Conference, 2021
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BESIT  More X(3872) decay information

« Observation of X(3872) >D°D*?
BESIII, PRL 124, 242001 (2020)

Events / 5 MeV/c?

Events / 5 MeV/c2

Observation of X(3872) — wl/y
BESIII, PRL 122, 232002 (2019)

Observation of X(3872) 2n%y 4

& " 0 p e
5 R xmwnhch y2J/1p

F (a) 4.15<E__ <4.30 GeV
E cM

2

2

O ww N W s OO N ® ©
T T F ¥ F JrTT

l»»

[ (b) 4.00<E_ <4.15,4.30 <E__ <4.60 GeV
L cm cMm

BESIII, PRL122, 202001 (2019)

e
ol B8

| < Y il oy B oy Sy
75 3.80 3.85 3.90 3.95

M(x%_ ) [GeV/c]
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4.00

o

o

Transition of X(3872) — yJ/, yP(2S)

7t~ J/y mode

y(2S)

BESIII, PRL 124, 2420
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if

Events / (5 MeV/c?)
8 8o

n
o

o

utu~ mode

¢
e ‘++ e

Events / (6 MeV/c?)
»
o

n
o

38 3.9
M(yy’) (GeV/c?)

[

3?8 3AI85 3;9
My, JAp) (GeV/c?)

R=BF(XB872)5vW29) ) 59 4 900

BF(x(3872)-yJ/\y)

with Belle(<2.1), while challenges Babar(3.4+1.1)
and LHCDb results (2.46+ 0.70)

Events / (3 MeV/c?)
O'I‘ ‘ .O

o

0

-
o

%)

[
>
o
I J’
2
)
(=)
Events / 5 MeV/c

C.L., agrees

D°D*0 %

W39 A% 4

o

-

~+ Dala

M{olly) (GeVIc)

-+

5.10 —

3.9 3.95
M(D°D) (GeV/c?)
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BESII

The Y states

et H YISR
Y states: charmonium-like states with JP¢=1--;
Ecm Mwa QObserved in direct e+e- annihilation or initial
E' 5 .
- Hadrons state radiation (ISR).
arXiv:1211.6271 and CHARM 2012
. e+‘j_(l?’15R) _>.m U '.” 1/" at BaBar e*e~(yisr) = wt1p(2S) at BaBar and Belle
_mp 1% e vass) | Yo iver «  While not seen yet in B decays
% oF PRD 86,051102(R) 2012) | = ,,,E . IIBABM: 3
> F ] % 2 112 events (520 fb') E
3 50 Y(4260) & :-E [1Belle E Bi'o — [\i 0 +" J/U
8 F 4} = 110 events (673 by
g i) m}E E o0
4 | == 3
; ; &
: ul Y
I J NENR N el i e S 50 3
3.8‘ ‘ A‘; - ‘4.2. ‘ ‘4.4‘ . ‘4.6‘ ‘ ‘4.8. ‘ 5I I5.2I ‘ I5.4‘ : = e = = . = G :/4 240 4 1( —5 _i
T GeVied) mYES TN GeVic) g gg ”<”1' i . ) N :
o [PRD 99,071102 (2019)]
. =
100
g =
=
5 60
_’_:
B
T 40
;m
2 20

Improved knowledges from BESIII

s

F <4 XYZ
- —Fit|
[ - =Fitll
3.18 ‘i ) 4j2 4f4 4?6
Is (GeV)

BESIII, PRL118, 092001 (2017)
Xiao-Rui LYU

"

LT
e ) — S — o — 1 —
| | | | | 7

100 - _._BESIII (This work) &, 140
- - BESII(2017) S 120
5 80 -+ BaBar A
e I+ Belle Iy = 100
z ooF : ‘go% S 8 ’
F ol S S LU g ¢ Y(4230) ]
o ey 3’;1 ‘ ' b TN w2 . E
() o |9 | | * n Latt e, |
v 0 \I‘\"‘"H"L """""""""""" A S — 4 o 44 35 4.6
20111 BESII, arxiv:2107.09210 e (GEVICE)
4 "'4'.1"'hé"hé”21.4"45'"216"'47‘”
/s (GeV)
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BESIT Y(4260) 9 Y(4220) and new Y’

g : XYZ \ ~ 100F — Fitreout
5 of o= ; 60 2 'oF Solution III +ls)::;msw
= M 50 = 60f .
S eof --Fitll “ ¥ 2F
B £ 30 ¥ S
1‘: ™ —_ B 0 E
. g 2 b a0f
o - - 10 i oM N Ny ‘o -40F
o f 4 D . . 5 60
o) E pod 0' _—*rncn.:.. — .. - . ‘ . : , ;_
Vtas = A 22 4.4 4.6 _ - ittt St
o “BELE I L NELINL N I L -4 &
Vs (GeV) PRL122, 102002 (2019) l 1 "4 41 22 43 44 45 46 47 48
2pR o(ete-—>mmh) S0 4 +n0y*— 3 15{GeV)
PRL118, 092002 (2017) ete” -> DD ]
ey |- = BESII: XYZ data sample — -
fl/- 200: —Fit curve: Total ;8;600 e
= [ - Fit curve: Y(4220) i =
'é IS0 gt curve: Y(4390) 0%400 -
0 50:— I l‘ A A l 1 L A I l ' A A L l A L 'S A lr:
3 - h f 2 4.1 22 43 44 45 46
£k .M E.(GeV)
o T 220
-50;— . : 1 . l . - ' (3686) =ty ( a)
‘55"hﬁ"ki"igé%é?"i&"ki"l&' 200 4 ~+ o, ¢ N
: : 180 | 4 +p%" —b— ndhy |
@1 00; + PRD 99, 091103 (2019) 160 |~ =y
— BESIII 2015+2016 ~ 140 Ll
+ . < -
?_, 120
—

§ 1 Bl - *

-
.—..P>—
 {

]IIIITII]lllllll]llllll[lll

e ‘ sob | o+
42 43 44 45 46 2
/s (GeV) 40 k

20 ol a1 4 4 o ¥y Vo4 o 9 9 1 5 oy o9 o 1 4

4200 4250 4300 4350 4400
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BESII

Zc(3900)+
PRL 110, 252001 (2013)

Z¢(3900)°
PRL 115, 112003 (2015)

.b e :’I\N)
% - Preliminary
" B 2"
5 60 $ w
P =
; w W
5 )
3 2

0 ,_. = r 3 q.(- A8 4.0 4.2

© Multily) (GoVIE) M(EJ/Y) (GeVI)

ete 5 m—atJ/y ete~ — 71970/

Zc(3885)* 7¢(3885)°
ST: PRL 112, 022001(2014) PRL 115, 222002 (2015)
DT: PRD92, 092006 (2015)

Which is the nature of these states?
If exists, there should be SU(3)
counter-part Zcs state with strangeness

Xiao-Rui LYU

EwentA0.008 GeVie®)

Zc(4020)*
PRL 111, 242001(2013)
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S
0 | =
I M o)
i1l ~
ATTRIN-. B33 w4l
i 4 My (VI

9% 400 405

w0 GV

E

410 405 - 42 J:b'
M,, (GeVies)

ete =3t~ mthe
Zc(4025)*
PRL 112, 132001 (2014)

— = comb. BKG ~+ dsta
—— tolal it
Z./4025)

N
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=
(M
=
o
o~
@
T
2
i

RM{T) (GeV/c?)

ete” — n— (D*D*)™
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Eventgi.01 GeVich)

The Zc¢ Family at BESIII

Zc(4020)°

PRL113,212002 (2014)

ME™ L (GeVich)

e+e_ 4 7-[0 7T0/7p,

Zc(4025)°

PRL115, 182002 (2015)

T T
4.23GeV+4.26GeV o
3 =l

......
o

4.08 4.1
RM(n°)(GeV/c?)

ete” —» n’(D*D*)°
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BESII Spin-parity determination of the ZF (3900)

« Zc line shape parameterized with Flatte-like formula ~ PRL 119.072001 (2017)
1

BW(s) =
s — M2 +i(g1pr/p(s) + gpDeD(s))
4.23GeV PERERS ES
Gg 3005 + ( ) § E -—.va-WaveJ/\p* ( ) oy 400
E sy sWan ly a 350 1,(1270) Jry b o ghighigiaiaiie
o Foo,(1270) dhy @ E - ZIHCC ~ | _.+__ ......
O as0p 7 t G 30p — tota o O —— |
8 200% —t(:tal - 2 g ? E 300 I+" “““ prisasins Haks
S 15();— - o 3 g ;':____‘_:-":":-.":::"':i: ______________________
2 100F : w ” W 250 - S
Z | - = -0 .y
W e B & W0 Zh e (a)
W o 700 on 08 10 2 0
5 m,.. (GeV/c?)
— 1+
Jr=1 4.26Ge
(\b 180:_ O " == 11 S-Wave JAp (aV}
e Mo | 3w () S
0] & X Y : 10} 3 | o +C.C. ‘ ~
o 120; m ZiTHCC. J' 0 1405 fQ
oS 100? — total + A 5 120: Z
2 wf 17§ s ' i
0 6F i 7 = E E
v wf r e U'_) Zg
E 0} _{‘ftj +:_.i' = & xf ; , PR, .Y
W 92=""%4 o5 o8 10 o ST Be Gw BE @
m,... (GeV/c?) My, (GeV/c?) ;
, Icos(6,,)!

Hypothesis A(—21In L) A(ndf) Significance

17 over 0~ 94.0 13 7.60 P: N

1+ over 1= 158.3 13 10.80 J | 1s.measured to be 1* with

1* over 2= 151.9 13 10.50 significance larger than 7.60

17 over 27 96.0 13 7.70
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BESIT  Zcs: SU(3) partner of Zc state

* Important to look for Z ., the SU(3) partners of
X(3872)/ Z,(3900) "oC,

e It’s useful to distinguish different models P » CEQ
C L4

Less exchange particles expected the Z.; molecule picture

Zcs
BESIII analyzes 3.7fb"! data at energies between 4.628 and 4.698GeV
 Partial reconstruction of K™ and D PRL 126, 102001 (2021)

Signature in the recoil mass spectrum of K* Dy to identify the process of
ete™ - K*(D;yD*° + D~ D)

N

g =4.681 GeV
§2ooo— (a) . s =4.681 Ge
§ b * Data
< 1500} ' . —Signal MC
*0 S B .
D © 1000
/ I2)
. § 500
/TT ) . w
. N Dy 1.9 1.95 2 2.05
s \ —— — M(K*K') (GeV/c?)
D; 220"'[""]';"[""]
NQ%gg —z:cs_m;_o': s =4.681 GeV
K+ K+ % 160 E ch__’ D;sD + —+— Data
— K*D,D* - iF|
2140 o i Fit result
<120 ®
ete” - KtD: D° ete” > K*D;D*®  ciw l
w
= 60 [k
2 40 B
= 20
0= - - = 2 :
1.95 2 2.05 2.1
Xiao-Rui LYU

Lomonosov Conference, 2021 RM(K"D+M(D)-m(D)) (GeV/c?) 25



BESIL Qphservation of the Z_.(3985)*

PRL 126, 102001 (2021)

* Data driven background description: wrong Sign (WS) combination of Dy and K~
* Conventional charmed mesons can not describe the enhancement below 4.0 GeV/c? at

4.681 GeV
40 ] 25 T T . D 7§ e -
o F N is=4.681 GeV: : /s =4.681 GeV]
§30' = 4681 GeV ;galt)a() o 2.7F o sRight-signL 3 “E 21 sWrong—sigrfl: E
o I Z2.65F S5 "'\.1.-.. 1 Z26s5F - E
220 o \ &) . "%.:';s:.:.- ".-. .2 ':' ., E ) E
S H } | = 26F e . "& 1 =26F E
Lok H a_ _t Al S T - ;
Z2 l £, 255 o e ) i Wi 4 T255F A s ", .
S [ ///yz.,‘/':"H B 'éé . O e e " e % E boe  nn ¥ ]
L% i 1 = 25F . o & 25F EPL PR
: T e T e B 7- ey S N T
RM(K*) (GeV/c?) RM(K") (GeV/c) RM(K") (GeV/c?)
e » Assume the structure as a Dy D*°/Ds~ DY
L35 F Vs =4.681 GeV ure s s Y-
330¢ (a) resonance, denoting it as the Z.;(3985)~.
ggg } L ]l \l * A fit of JP=1% S-wave Breit-Wigner with
Wl b .
B15F L I %hl mass dependent width returns:
10 TJrH HH~ } m = 3985.2%5) + 1.7 MeV/c?
ek Hkl»;;“"“' e I =13.8%%1+49Mev
4 405 41 415 °

RM(K*) (GeV/c?)

Global significance: >5.3 o

First candidate of the hidden-charm tetraquark with strangeness
Xiao-Rui LYU Lomonosov Conference, 2021 26



BESII

PRL126, 102001 (2021)

* Various interpretations are possible for the structure

L35F Vs ,e 4.681 GeV
— Tetraquark state 20 (@)
225
— Molecule gfg
— D}, (2573)"D;~ threshold kinematic effects 510
. . . . . WsEy 4 pon—_—
(Re-scattering , Reflection, Triangle singularity) 0 1,1. T —
. 2
— Mixture of molecular and tetraquark N . > o V)
~ 2250F  Lhc :
N + - oy . . :200; —4— Data 9 fb™! _i
05(3985) from e™ e~ annihilations and 8 | sob + Tota i E
S T F -+ No Z.fit ]
Z.5(4000) from B decays F100 = zucooo §
their masses are close, but widths are SOF g, E
different X 5 [%%V']
° If they are Same, Why W|dth SO dlffel’ent'? \ AILel veloelny r\"%osz){l/:g:s region
N T |: T

« If they are not same, is there the
corresponding wide Zc(3900)7?
« Looking for more channels will be useful

—>]/l/JKJr

PRL 122 (2019) 152002

| m(Kta—) € [1085,1265] MeV
1

.

2

1(1:1((‘5/(45 MeV)

1 ! 1
3500 4000 4500
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BESII

Light hadrons
(containing u/d/s quarks)

Y 4 Y
c:é c:g c:gL
Y C C ¢
G H M

Xiao-Rui LYU Lomonosov Conference, 2021 28



BESII

X(pp)/X(1835) from J/y radiative decays

. X(pﬁ) P b d by BESII
_ - * First observed by in
An anomalous strong pp threshold 3/ b-SynTeT

enhancement structure which was first

: _ * BESIII fi its exist ith
observed by BESII in J/y—ypp Sl confirmed its existence wi

much higher significance

— BESIII confirmed its existence with e Spin-parity is not known
much higher significance and PWA * Mass = 1836.5 + 3.0*5% MeV/c?
(with FSI considered) is performed « Width = 190 + 9*38 MeV/c2
e 0T PRL106, 072002

AN

« Mass = 1836.552*18 119 MeV/c2 % jgg ,

. - X(1835k My Hoe s
Width <76 MeV/c2 @ 90% C.L. S | F ¥ o

S 200} ' Jei0) X237

%700 5 . F "
% 600f B 100 sl
§500§- PRL108] 112003 b 14 16 1.8 20 22 24 26 28
S 400f . M(r ) (GeV/e?)

Are they the same state? A pp bound state?
What's the spin-parity of X(1835)?

LA

8001 oz ‘0.23
MPE-ZmP(GeV/c )

Why their widlths are so diifferent?

Xiao-Rui LYU Lomonosov Conference, 2021 20



BESIT  X(pp)/X(18??) from J/y radiative decays

G EERS R GAEEEE
< J/9>vKsKsn o Tia 3
= 500 Q700 ~+Data ]
(3] F — MC projection J
E > ¢ 1 ~ 250 T
S 400} &eor \ o o T s ® PRLI106,072002
= i 500 — X(1560) ; § B J/p—yK %K On & 0| v PRL108,112003
S 300f et ~-Phasespace | 2 [ e S 4 PRL115,091803
B g =t 1 [ 200~ ' : 0+ | + PRD87,032008
LI>J 200: . E »30¢ E L —_— be m PRDB88,091502
. ' ] I E E =2 JPC2| A PRL107,182001
100 P Vb 3 020} 3 — o.: B -
(% J/yoyn'mm {2 - 150 5
14 1.6 18 20 22 24 26 2.8 0l B 2'0"";2 T = B
Mp.pq(GeVic) M..... (GeV. /cz) 100 = ; E
= Q]
P g TRwe : _+— i
. ~rome X(1810 = B
& 2000 4R f_(0(202)0) b 501
S - wos §_2(1950) ; : J l/"wy"PF :
) B —— n(2225) () i ' :
S 150 — - - Phase-space % £ = s
g T - Backorind g oL el oy Sl Py o Tipen 1 oo | o pon ] 3 wen | e pe
S C P 1800 1820 1840 1860 1880 1900 1920 1940 1960
< 100f < M (MeV/c?)
< C 225M z
o C . =
W sof =
[ m =
; : ) Lesmmsiiin o PRL117, 042002 (2016) PRD97, 051101(R)(2018)
O r SR 5 3 L . . I} _
L - M, -2m(GeV/c?) J/y—-yn Tt
M(K'K'n'n%)(GeV/c?) e
',""3007\_\\\\\\\\\\\\\\\\\\\\\\\\\_ [T T T e o :,j """""""""""" Lo
Tt - [ q
1 T/yop3rm) J/y>wnmn BES] o $
- N © =
E o 1 % 700 F225M 2 | O]
200 4 3 600 =L 3
e 1 = S 2 S
g 1 = 500 =i ;
- g a $ S -~ 9
51502 1 < 40 A 2'"r 3
@100 225M q 5 300 e X(1870) ) g
- fua i 1 = 200 sl =
50; ,,,,,, - E 100 Fa (1405) 12 14 16 ED T T
L i .l\ Lol \. I 3 0 2 . 0 ' p i )
0 RS T — X p (lzézs) A e e ’ 20 2 13 14 15 ;».As[n‘r;]n'] 1(2;9\1/.7(:2) 2 21 22 M(yd) GeV/c?
M(3(r*m)) (GeVic?) 1 M, o (GeV/C)

Are they the same state? It is crucial to understand their connections.
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BESIL  The X(2120) and X(2370)

« Observed in Jiy—yn'ntt ™ at BESIII

[PRL106, 072002 (2011)][PRL117, 042002(2016)] = s00p &)
* Candidates of glueball states S 400f i
« Combined analysis of J/Y —» yK*K™n' and S 30p

yKsKsn' 2 20p

* Search for X(2370) in J /Y - ymmn’ 100}

o PRL106, 072002 (2011)

200y EPJC80,746(2020) 14 16 18 20 22 24 26 228
= I JAp—y KK, w'=a'wn, n—>yy (a) { . B00FJmp—yKKn, n—yp’, pP—m'n’ (b)
) [ — Data ~ - Chebychev 1 o [ —— Data — - Chebychev ] Jt’?t n(GeV/ C )
S 150 i resutt ---+ PHSP 1 S 400F — Fitresutt ---- PHSP =
[ [l Total bkg 1 @ el <vve: Total bkg ]
(0] [ ¥ Signal X(2370) {'{f (0} | & Signal X(2370) # BN Ly Ly e e s
=Y [ o dhp— K* K '+ c.c. S B00f o ypp— K* K n'+c.c. B e + - j
e L W ' sideband + 1 £ [ - n sideband t s 10 _J/w;vmm M _T b I
5 I 1 @ 200 [ < Data
g _f 1 7% L2 - ; PRD103, 012009(2021)
g sof gmr = Bl > 8 - — Fit result .
@ | ==q © %% o " 5 X (2370)
off T B o B L e L --- 7' sideband
2 2 1 2 2 2.3 2 4 2 5 2 6 2.7 2 21 22 23 24 25 26 27 by 6
5 5 o [ -~ Chebychev
- (GeV/cY) 3 B My (GEVICY) o N
30 90 T ‘\(; i
. F Jp—yKIKE m', n—a'mm, n—>yy ()] . gofJw—vKKN, n—yp’, pO—r'n (d)4 - L
% 25F . pata — - Chebychev 1 & b0 - Chebychev E qc) L
S E ) ---- PHSP 1 S ) ---- PHSP E B
% 20| — Fitresult e Total bkg 3 % gof —Fitresut Total bkg E Lﬁ
S_’J F (2 Signal X(2370) ] 5_') 134 Signal X(2370) E -
S  4g5f - - ' sideband o S0F . ' sideband F [ b mmuble
g E g 40 0 B T e = o b (I
2 1o} I i 2 30 2.2 2 3 2.4 2.5 2.6 2.7
) F e § o o0 g
> F . 1 > E
Sl fee 1L Lot ™ w0 Ymn . (GeV/c?)
oL 0 -

i s o L tusis s Rosea . ) E
2 21 22 23 24 25 26 27 2 21 22 23 24 25 26 27

Mg (GOVED Mg, @oVE) * Observation of X(2370) - KKn'

My (2370) = 2341.6 + 6.5(stat.) =+ 5.7(syst.) MeV/c?, with stat. significance of 8.30° ,
Fx(2370) = 117 == 10(stat) o 8(syst) MeV, ¢ NO e\qdence OfX(Z]‘ZO) — KIET’
* No evidence of X(2370) - KKn'
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BESIT Studies on the p(2170)/Y(2175)

* A strangenium(-like) state: Y-particle with strange quark

22 —
. . 20 nasm TGO ey 1O
> Theorists explain ¢(2170) as CE TR namse oamg TR T nasmneans o)
v s8g hybrid s R e
3 3 3 16 [ 75, ' £,(1525)
v 23D, or 33§, sS§ JECCN (aieo o,
v tetraquark 4 S T r,
v' Molecular state AA 12 sS
- N 0
v ¢f,(980) resonance with FSI 0 s, —
v Three bOdy System ¢KK 0.8 e Predicted: PR D68, 054014
0.6 —
- l':‘o '
04 —rc_g 1~ r 0 " 2" 2" o 3
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BESIT  More results on the ®(2170)/Y(2175)

PRD99, 032001(2019)
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BES Strangenium and strange-mesons 1n
[/ > KtK % and ¢ (3686) » KTK™n

PRD101, 032008 (2020)
448M Y (3686) decays

PRD100, 032004 (2019)
«10° /Y- KYK—m®

-$-data

4]
o

x2/nbin = 0.95

< | (a) % m sideband
(&) =
> | 2237M 2 9 ~Siieso
>
= 0 30
S 5 e
~ 3 20
£
g I w 10
> e i3
I.I.I I O i i i 1
01....115....21....215....3 1.5 2 c22.5 3
' : M(K'K) (GeV/
M, (GeV/c?) WEESRET
* Dip around 1.75 GeV requires another
* First observations of K5 (1980) and 17~ resonance X(1750) to introduce
K;(2045) in J /Y decays interference with ¢p(1680): could be
« Two broad K¥K~ 17~ structures are p(1700) or X(1750) (photoproduction
observed: possible from w(1650) and at FOCUS)
p(2150) e Broad KTK~ structure around 2.2 GeV:
contributions from p(2150) and/or
p3(2250) resonances
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BESII

Form factors of baryons

Time-Like region Annihilation
N(p1) X Jhoa 2'N(p2) i
a0 S i N\e (k) N(p1)
= Q&‘j"
Q 2 5
E:ﬁ an (Q \\9\ Jll;p 7*(q2) ‘ J#ad
2 Q
v HY = \5(\
e (kl) Jlep G (k2) e+(k2) N(pz
Access via:
t;channel: (2 —p1)’ = pp — e e"n® | s-channel: (ki + k2)* = cﬁ’

Space-Like region O 4M,2V q2

In the time-like region, access to the Electromagnetic Form
Factors (EFF) of the baryons, which characterize the internal

structure of the baryon

25
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BESII

Threshold production of the nucleon

d()'p,',(S) _ az/}c

dQ
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2 4my 2 .2
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BESIII 2020 energy scan: PRL124, 042001 (2020)
BESIII untagged ISR: PRD99, 092002 (2019)
BESIII 2015 energy scan: PRD91, 112004(2015)
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(C) i M BESIN2020 (d) M BESII 2020
3 ® BESII 2015
0.3 — +.. 0.3f 1 L | . SewiaTa)
= L [ — :“L\ *-
@m 0.2 o Q’E 0.2 4
9 " ) } +
0.1 0.1
¥ ; ] o I
0: . L * -." * i 1 1 - L i
2 25 3 g 2 25 3
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BESIII provides best precisions: cross

section threshold enhancement established

Oscillating structures observed in the EFF

after subtracted the modified dipole
parameterization [PRL114, 232301 (2015)]

confirming the observation at BaBar
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BESIT Threshold production of eTe™ — nn

arXiv: 2103.12486
* Very challenging measurement due to pure neutron final states Accepted by Nature Physics

« BESIII takes three approaches and provide validations among each other
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351 Form factors of hyperons

* Through the weak decay of hyperons, we could probe its polarization. Hence
more information of the EFF can be studied

* Ag is the phase angle difference of G and Gy,: can be explored via angular
analysis of the spin-coherent hyperon-pair weak decays

PRD97, 032013 (2018)

e @ o
= :y‘ i H W (&) = Fo(§) + nF5(§) + a@ (F(§) + /1 — 2 cos(AD) F,(§) + nFe (D))
R lals }?¢ §oop 173 +y1 —n?sin(A®) (aF3($) + aFy($)) xE 2
% f - - 1.000 100’?4 . 3 ‘ % 2
§ 10F -T _ R = |Geg/Gu|l. AP = O — Oy, n = :42:‘ \ (61, 91)
S f ] ¥ ] TT_/ p
° L 1« First complete EFF measurement A//e
E PR B P B U - + \
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Threshold enhancement observed cost
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Nature Physics 15, 631 (2019)

Xiao-Rui LYU

B Hyperons produced at Y peaks 3

ete” > ]/ > AN > pprtm™
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Very precise determination of hyperon
decay asymmetry: =» CPV search
Correct a long-history underestimation of
A decay asymmetry

ete” > P - It3™ - pprn®

M(cosb,.)

M(cosb,.)

PRL125, 052004(2020)

0.1
0.05
O s isavisivisavanammmsnmmanado PR co s oo a i e e i
-0.05 _ El?:taie Space + :
— Fit ]/I’b
-0.1
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coso,.
Parameter Measured value
gy —0.508 £+ 0.006 + 0.004
ACDJ/,,, —0.270 £ 0.012 £ 0.009
a, 0.682 +0.03 = 0.011
ACI)W 0.379 £+ 0.07 = 0.014
ap —0.998 + 0.037 £+ 0.009
Qo 0.990 + 0.037 £ 0.011
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BESII

BESIII: arXiv:2105.11155

CPV in &= 2> An decay

ete” — Jp — 22T

Parameter This work Previous result

Oy 0.586+0.012+0.010 0.58+0.04+0.08
AD 1.2134+0.046+0.016 rad. -

oz —0.376 +0.007 +0.003 —0.401+0.010 -
o= 0.01140.01940.009 rad. —0.037+0.014rad. 2
Oz 0.371+0.007 +0.002 -

o= —0.021+0.0194+0.007 rad. ~

o 0.757+0.011+0.008 0.750 4+ 0.009 4 0.004 3
Oy —0.763 +0.011+0.007 —0.758 +0.0104+0.007 3
£ —& (1243.440.8) x 1072 rad. -

S, — & (—4.443.6+1.8) x 102 rad. (8.743.3) x 102 rad.2
AZp 6.0+ 13.4£5.6)x 10 -

AdZp (—4.8+13.7£2.9) x 1073 rad. -

Aty (—3.7+11.7+£9.0) x 1073 (-6+£12+7)x 1073 3
<6z > 0.016+0.014+0.007 rad.

HyperCP: ¢ErHyperCP =-0.042 +0.011 + 0. 011
BESIII: <¢bz> =0.016+0.014+0.007

Xiao-Rui LYU
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Based on 1.3 B ] /Y events
(13% of total ] /3 events)
9-dimentional fit:

4 ,
5 A
u 2 i v
& Sz
= BP: 'Q ".:"’ZA
?E e 0 . . ""n¢+f‘ cos 8
:‘\/' (©)
=
® o A

—_—
-
—

~73200 event candidates
Negligible background

First measurement of baryon weak
phase difference

We obtain the same precision for
¢ as HyperCP with three orders

of magnitude smaller data sample!

HyperCP: PRL 93(2004) 011802
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BECSTI A, decay asymmetries

single tag method PRD100, 072004 (2019)

« 4(6)-fold angular analysis of the cascade decays of
Ac = pKs, Arnt, 2tV and %7t based on 567/pb data

S s0fAI—A = af
&< 80 gy .TE &
¢1 7|"+ E i (a') E I
= o p+ | 2= | , £ .
e~ a2 2 60 @ 30
[/ <5} =

40 20

\
| &
=

20| 10

CM frame A rest frame

0

(sign(o, )sin6,sing )

A rest frame A rest frame
AT — : pKg An™ 2+:IT‘U e -1 _0'_5 0 0i5 91
—T.0[16], 0.51[11]|—0.70 [16], —0.67 [11]| O.71[16], 0.92 [11]| 0.70 [16], 0.92 [11] CoSe
—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 [18]| 0.83 [17], 0.43 [15]| 0.83 [17], 0.43 [18]
o —0.66 [19], —0.90 [30]|—0.99 [19], —0.86 0.39 [19], —0.76 [30]| 0.39 [19], —0.76 [30 : -
o —0.99{ % 50; 91{ } —0.99 {} —0.94{ } = 31[[ ]] —0.47 H —0.31 [[]] —0.47 {} 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+0.104+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
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FUTURE
»
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BESIII Physics
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Future Physics Programme of BESIIT*

Abstract: There has recently been a dramatic renewal of interest in hadron spectroscopy and charm physics. This renaissance
has been driven in part by the discovery of a plethora of charmonium-like XYZ states at BESIII and B factories, and the obser-
vation of an intriguing prot i threshold and the possibly related X(1835) meson state at BESIII, as
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BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and provides physics motiva-
tion for the possible upgrade of BEPCII to higher luminosity.

DOI: 10.1088/1674-1137/44/4/040001

Received 25 December 2019, Published online 26 March 2020

upported in part by National Key Basic Rescarch Program of China (2015CB856700); National Natural Science Foundation of China (NSFC) (11335008,
11425524, 11625523, 11635010, 11735014, 11822506, 11935018); the Chinese Academy of Sciences (CAS) Large-Scale Scientific Facility Program; the CAS Center
for Excellence in Particle Physics (CCEPP); Joint Large-Scale Scientific Facility Funds of the NSFC and CAS (U1532257, U1532258, U1732263); CAS Key Research
Program of Frontier Science (QYZDJ-SSW-SLH003, QYZDJ-SSW-SLH040); 100 Talents Program of CAS; CAS PIFI; the Thousand Talents Program of China; IN-
PAC and Shanghai Key Laboratory for Particle Physics and Cosmology; German Research Foundation DFG under Contracts Nos. Collaborative Research Center CRC
1044, FOR 2359; Istituto Nazionale di Fisica Nucleare, Italy; Koninklijke Nederlandse Akademie van Wetenschappen (KNAW) (530-4CDPO3); Ministry of Develop-
‘ment of Turkey (DPT2006K-120470); National Science and Technology fund; The Knut and Alice Wallenberg Foundation (Sweden) (2016.0157); The Swedish Re-
search Council; U. S. Department of Energy (DE-FGO2-0SER41374, DESC-0010118, DE-SC-0012069); University of Groningen (RuG) and the Helmholtzzentrum
fuer Schwerionenforschung GmbH (GSI), Darmstadt; the Russian Ministry of Science and Higher Education (14.W03.31.0026)
D Content from this work may be used under the terms of the Creative Commons Atribution 3.0 licence. Any further distibution of this work must main-
tain attribution to the author(s) and the title of the work, journal citation and DOL Aticle funded by SCOAP3 and published under licence by Chinese Physical Society
and the Institute of High Energy Physics of the Chinese Academy of Sciences and the Institute of Modern Physics of the Chinese Academy of Sciences and P Pub-
lishing Ltd

Chin. Phys. C 44, 040001 (2020)
doi:10.1088/1674-1137/44/4/040001

[arXiv:1912.05983 [hep-ex]].

Lomonosov Conference, 2021

43



BESII

Xiao-Rui LYU

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 (7y) machine. The
machine upgrades include top-up implementation and beam current increase.

Energy Physics motivations Current data | Expected final data | Tc [/ Ty

1.8 - 2.0 GeV R values N/A 0.1 fb~1 60/50 days
Nucleon cross-sections (fine scan)

2.0-3.1GeV R values Fine scan Complete scan 250/180 days

Cross-sections (20 energy points) | (additional points)
J/v peak | Light hadron & Glueball 3.2.4h " o N/A

J/1 decays (10 billion) (10 billion)

1(3686) peak | Light hadron & Glueball 0.67 b1 45" 150/90 days
Charmonium decays (0.45 billion) (3.0 billion)

¥(3770) peak DY/DZ decays 2.9 fb~1 20.0 fh~! 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 3945 6 fh1 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=! 15 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YFA- cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y..X. cross-section N/A 1.0 fb~! 120/50 days
4.95 GeV =. decays N/A 1.0 fb~! 130/50 days
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10 billon J/3 events on tape!

from Stephen Olsen

you never have enough J/y events

1996: 8 M J/y’s 2002: 58 M J/y’s 2011: 225 M J/y'’s 2016: 1.3BJ/y’s 2019:10BJ/y’s
5 P — : : Jy>yrntnm’
1sF J/\|l->'ypzj) : K 1 W) vop = /\V : y o
N 100 .
AR PP : N -
Jk ‘ sof e W el ? ? ?
s |, T L L L]
R R L BN L | " C M(pp)
M(pp) Gev) - >y

0.0 0.1 0.2 0.3
M pv-ZmP(GeV/c')

PRL 76, 3502

15 186 1.7 18 19 & 2 21
Mnn'n] (GeV/ic)

PRL 117,042002

J/y>yntnn’
sof @ & ]
4 2.0 2.6 1
M(r'rn’) (GeVic?) 400
PRL 95,262001 300

1

M’ )(GeV/ic?)
PRL 106,072002
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BESIL  Plan of the BEPCII upgrade

« optimized energy at 2.35 GeV with luminosity 3 times higher than the
current BEPCII.
« extend the maximum energy up to 5.6 GeV

= = = BES o Markl :
E§— S i | B — Nearly blank at 5-7GeV
S — < pluto
= +:‘- E = KEDR :
= 3 4E LR | RS- -+ B T R A - Ty
1\ /.I\ _—_: l {* _ 1 j ;
S0 s {‘L ------ /9 ps) R -+~
. - : ‘]l,_?..?].'f._f ...... 2+'!"fo.‘&1#..&§¥ _______________________________________________________________
a2 B \

15 > e

4.95 ~ 5.6 GeV: new energy
coverage of BEPCII

Ty B0

»

X

(]
w

S

X

()
o

Peak luminosity (cm™

2x 10%r

Beam energy (GeV)
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Summary

 BESIII is successfully operating since 2008, and will

continue to run for 5-10 years
— collected large data samples in the t-charm mass region

* Many exciting results have been published covering many

aspects:

Charmed mesons and baryons

XYZ states and light hadron spectroscopy

Form factors of the nucleon and hyperons

Low-Q? QCD studies: R value, multi-meson production,
fragmentation function, ...

v Rare decays and new physics search
v

* Future goals:
50M DY 50M D", 15M Ds, 2M A., high-lumi. fine scan up to 5.6 GeV

D NI NN
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Thank you!

I |
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Ol 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
Grfhs >\’
D m e
+ +\ — (s) 30l _ arXiv:2102.11734
F(D(S)_)gye)_ 81 |Vcd(s)| mnga) 1 m%+ | R A A R AARRA AR
(s)
Il PRD89(2014)051104 BT prmszouanrisee _
10° ‘ég?:‘x D+ — u"’ Vu — —=— data = N§
E nn - [7] BKGI: real ST D, and D! —p*v, but wrong y(n") ] ®
" C > 409 =21 N& 300'; [[] BKGII: wrong ST D; or wrong D —p*v, E g’
E100 > : 1 =
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& 200 = 3
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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

BESII PRD92(2015)072012

:

A DO K—etil,
70727.0+27813

Xiao-Rui LYU

BESIL 1P RD96(2017)012002 BGS]]I PRL122(2019)121801

600 TR R B Sgge % S N0 B mew bacls

%,20-

2

w0 15F 4100

25M
N
8

— 10+ 50

5+

Events /

4100

H
o
T

Events / (30 MeV¥c%)

150

N
o
T

Events / (5.0 MeV)

02 "6 02 04
(GeV)

m|ss

Lomonosov Conference, 2021 50



BESIL D(S) 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 T T T T 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  PRD84,114505 0.666:0.02+0.021

Belle  PRL97,061804,D°»KI'v 0.695:0.007+0.022
Belle PRL97,061804, D">xT'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 ——

BESII  PRD92,112008, D'>K’e’v  0.748+0.007+0.012 CLEO  PRD80,032005, D—me’v 0.666+0.019:0.005

+ 0

BESII  PRD96,012002, 5K e™v  0.724610.0041:0.0115 BESIl  PRD96,012002, D'>nle’v  0.6216+0.0115+0.0035 —o

BESII  PRL122,011804, D’>Kpu'v  0.7327+0.0039+0.0030 X
BESIl  PRD92,072012, D"me'v  0.6372:0.0080+0.0044

BESII  PRD92,072012, D’>Ke'v  0.7368:0.0026+0.0036
BESII  Expected (20fb"), D°>e’v 0.6372+0.0031:0.0040

BESII  Expected (20fb), D’->K'e*v 0.7368+0.0009:0.0033
1 1 | 1 1 1 1 I 1 1 Il 1 | 1 1 1 1 I 1

1 l Il 1 1 1 l 1 1 1 1 l 1 1 1
0.4 0.5 0.6 ]
K £,(0)
£:(0)
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BESII petermiend properties of the Z}(3900)

o [fZ 1is parameterized with a Flatte-like formula PRL 119.072001 (2017)
M, =3881.2£42+52.7MeV, I' | =51.844.6+36.0 MeV

g,'=0.075+0.006 +0.025GeV"
g,/g'=271+£2.0+1.9

(consistent with the previous published results)

pole

e Born cross section fore’e > Z 7" +ce.—>a'n J/y
21.8+£1.0£4.4 pb at4.23 GeV
11.0+£1.2+5.4 pb at 4.26 GeV
e Search fore'e” — Z'(4020)7 +c.c.—> n'n J |y gives
upper limits at 90% C.L.:
<0.9 pb at4.23 GeV; <l1.4pb at4.26 GeV
o(e’e >Z'(4020) 7~ +cco>n'n J/y)
o(e'e >Z7(3900) 7~ +cco>n'n J/y)
<13% at4.26 GeV

Further couple channel amplitude analysis is on-going on
more energy points.
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State | Mass (MeV/c?) | Width (MeV) | Decay | Process

Z.(3900)*  3899.0+3.6+49 46+10+20 nt] /Y ete > ntn ]/

Z.(3900)°  3894.8+23+27 29.61+8.2+8.2 ]/ ete” - 7% /y
3883.9+1.5+4.2 24.8+3.3+11.0 (DD**  e*e” » (DD*)*n*
Single D tag Single D tag

Z(3885)F 3881 7+16+21 26.6+2.042.3 (DDt e*e~ —» (DD*)in*
Double D tag Double D tag

Z(3885)°  3885.7'%3+84  35%11+15 (DD*)°  e*e” - (DD*)°n®

Z.(4020)*  4022.9+0.84+2.7 7.94+27+%26 nth, ete” > mntn~h,

Z.(4020)°  4023.9+2.24+3.8 fixed nh, ete” » nonCh,

Z.(4025)*  4026.3+2.6+3.7 24.8+56+7.7 DEDs ete” - (D*DY)*n™

Z.(4025)0 4025.51%7+3.1 23.0+6.0+1.0 DD ete™ - (D*D*)°n?

Xiao-Rui LYU Lomonosov Conference, 2021 5A



BESII Cross sections of the Z_..(3985)* production

PRL126, 102001 (2021)

. Simultaneous fit to the five energy points

w35 Vs =4.681 GeV — i 6
2 Total fit L
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— ------- non-Res. o 4
5 ‘ N [ comb. BKG AR -
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0] B [0] [ I
§10f §10f + o b e
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RM(K™) (GeV/cH) RM(K™) (GeV/c)
%, [ [s=4.661GeV & [ s=4.698GeV _
=P 2 + 2" - Largest cross sections around
210 - 510 |
2 | * 2 | 4.681 GeV
€ 5F T 5F
% 8 % E :
0 4 RS 4.05
RM(K") (GeV/c?) RM(K*) (GeV/c?)
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BESIT  Proton: Oscillating Structure in the
Effective Form Factor

Periodic behavior in |Gp| observed by BaBar experiment, confirmed by BESIII experiment

PRL114 232301, PRC 035201 PRL124 042001
- n_ gmod _ A ; I 0.05 o BES
_eb A T e g B} oo
Un' 0.2 .
o 0.1k
0.04}
_0.023
o - % unTagge
w o Y iy
-0.02 | L Eczllnd.f=2'1.40|1. o
004 F*'= A - exp(—B|p|) cos(C|p| + D) 0 1 2 3 4 5
(0] 1 2 3

p [GeV] p[G eV/c]
® QOscillation observed by BaBar experiment and three different BESIII analyses

® Possible explanations (discussion ongoing):
* Interference effects in final state re-scattering at moderate kinetic energies?
® Resonant structures in data (i.e. ¢(1020), A(1232), ...)?
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BESII

Magnetic form factor of the neutron

0.6 : e BESIII: preliminary =

L FENICE (1994) Hypothesis: IG_| = 0 -

05 : — Modified Dipole: Phys. Lett. B 504 (2001) —

- — pQCD: Phys. Rev. Lett. 79 (1997) 7

0.4 3 — VMD: Phys. Rev. C 69 (2004) ]

_E L \\ — DR Mainz Model: Phys. Lett. B 385 (1996)
O 03 N —~
_ - \\ =
02N o S -

- LS eyl T ) =

B e B T =

Y e TN iy e, e

P e s i o e e

/s (GeV)
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BESIT Hyperon decay parameters (@ BESIII

G. Faldt and A. Kupsc
+ - "y — 4 - PLB,772, 16 (2017)
e e — ]/II) - AA - PPTT " TT EPJA, 52, 141 (2016)
EPJA, 51, 74 (2015).

2
Jiff

1— a% /9 cos(A)T3 + a g4 T5),

sin(A)(apTs + azgTy)

7o: angular distribution of A and A
/5, 1,, transverse polarization

Iy, I, Ts: spin correlation g1

1
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BESIT  c+e- - J/p > AA - pprtn~, pan nw°

1.3 billion Jhy events simultaneous fit to the two data samples
420,593 events selected 47,009 events selected

10° 4
. [ ppmtm l N " panmt
% 10 ? % 103§_ l
E 108 = C ;
s | = 10°F
g 7y g2
L% ‘]Oéﬂmhmrﬁl_ﬁﬁuh g feflAn e & L?>j 10E

- 1
1

1.09 1.1 1A 1.12 1.13 1.14

Nature Physics (2019) M (GeVic)
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https://www.nature.com/articles/s41567-019-0494-8

B'ES]]I Fitting results and A decay asymmetries

Nature Physics (2019) s
Parameters This measurement Previous results
Qe 0.461 £0.006 +0.007  0.469 £ 0.027 [19]
o 0.750 + 0.009 + 0.004  0.642 £ 0.013 [§]
ot —0.758 + 0.010 &= 0.007 —0.7140.08 [8]
Qo —0.692 4+ 0.016 £ 0.006 ——
Ad (rad) 0.740 £0.010 £0.008 ——
| A —0.006 £ 0.012 £ 0.007 0.006 + 0.021 [8] |

ao/og 0.913 £0.028 £0.012 ——

- BESIIL - BESIII
- SPEC n
- OSPK -
- BES
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“CNTR - DM?2
06 o1 708 07 06 05
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https://www.nature.com/articles/s41567-019-0494-8

BGS]]I 1957 m .

o~

Phys. Rev. 108 1645 (1957 (Nt ,
, P
I From Hao-Kai Sun e ———
= _ _ 2Re(S* - P) _ 2Im(S* - P) 1S|2 — |P|?
— — v =
SI” + |P|? S| + || |S2 + | P2
B =V1-—a?sin¢pz v =1 — a?cosp=
B

at+pr+yi=1 tangz = —
~

Both a and ¢5 of E(E) can be measured via J/¢ — E= at BESIII!
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B_+ By  cosdgsindy,

B_— By  sindgcosdy, ~ tand,

= = = tan4
a_ —ay  cosdgcosdy, | od_ —a,  cosdgcosdy, w
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