Recent results from BESIII
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7« ERBcEp —5% (2016) |

First collision in 2008, physics run started in 2009

Operation c.m. energy: 2.0-4.6GeV

BEPCII reached peak lumiof 1x1033 cm™s*@21.89GeV in April 2016
BESIII collaboration includes 66 institutes: 38 Chinese institutes , 16
European ones , 5 US ones and 7 from other Asian countries
Secured the running for another 6-7 years, with small(but critical)
energy increase and lumiupgrade
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BEGI  BEsw: First.

10-year anniversary of BEPCII/BESIII!
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BESII Physics accomplish

@ T mass measurement (BES+BESIII)
@ 1995FERXABAMF-_F£

@ R value measurement (BESII)
@ 2004FERXAARFF_FX

@ Charmonium physics
@ 20015EHFHRMFE_FX

@ Charm physics (BESII+BESIII)
@ 2010FFRARMF=_FX

@ Exotic hadrons (BESII+BESIII)
@ 203FEHFXPAMF_FX
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BESTH BEPCII: a t-c Factory

O Rich of resonances, charmonia and charmed mesons.
O Threshold characteristics (pairs of T, D, D, charmed baryons...).

O Transition between perturbative and non-perturbative QCD.
O New hadrons: glueballs, hybrids, multi-quark states
O New Physics: large datasets, hermetic detector, good performance

7 7 T T T | — ]
B J /'QP 1,[)(2.5') -

6 - A Mark-I —
N Mark-I + LGW .

- W Mark-II }
R °F ® PLUTO B
- O DASP 7

4 |- % Crystal Ball =
: % BES _—

3 | | T
- | 1

- | jL | {,] [ -

[ J P R — [ — L '_ - ]
[— | | | | | | :

3 350 f

2018/10/26  HFCPV2018 Dayong Wang 6



BESI

Magnet:

| T Super conducting

2015 ETOF upgrade: 60ps
2019/20: Inner upgrade?

Ref:
NIM A614,
345 (2010)
MDC MDC EMC
Exps. Spatial dE/dx Energy
resolution resolution resolution
CLEO-c 110 pm 5% 2.2-2.4 %
: : ' : BaB 125 7% 2.67 %
high lumi, large datasets, hermetic detector | — -
with good performance and clean Belle | 130um 0% 22 %
: BESIII
environment <5% o
115 pm (Bhabha) 2.4%
competitive in channels with low energy
electron/photons, neutrons, pi0’s
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BES]]I BESIII charm data samples

~0.5B P (3686) events ~ 24xCLEO-c

~1.3B J/Y events ~ 21xBESII

~2.9/ftb Y (3770) ~3.5xCLEO-c yellow book: 90M DDbar
~0.482/fb  4.009 Ds study

~0.6/fb  A. pairs at threshold Unique

~9/fb XYZ above 4 GeV o
« 20 points for R &QCD Scan:

500/pb finished in May 2015

2000+

1500

« Y(2175) resonance: 100 /pb 400
« [2016: 3/fb Ds data at 4170 MeV | soo;

~ 5 >< CLEO-C ) MARKI DELCO MARKII MARKII BESII CLEOc BESII
o 2017: Y(426O)I X(3 872) 3000 | 4.03/4.14 GeV 4.17 GeV 4.009/4.178/4.6 GeV
. 2018: 4.6B j/y (NEW) 2000,

~ other data sets: tau, resonance ;00
scan and continuum, etc. o
2018/10/26  HFCPV2018 BESuywag-EOe  BESIHI 9
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_ //, T + ¢'e>DD (A,*A."), near Thrs.
K-l-

Double tag analysis
v Tagging D~ (D), A, from
hadronic decay modes

2 2
MBC _ \/Ebeam o thag

v' (semi-)leptonic decay event can
be well reconstructed in the
recoil side of the tagged D (A.")

2 =F2 — ~
D2>K*tn vs. D*2>putv M missing_E miss — P miss 0

_ —
UIIliSS — EII]iSS _ ‘pIIliSS| ™~ O
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O Event is very clean

O High tagging efficiency

O Most systematic uncertainties can be cancelled
O Could measure absolute BFs

2018/10/26 HFCPV2018 Dayong Wang



Measuring CKM matrix
BGS]I[ --=- test SM EW theory

Charm decays + LQCD

Expected precision <2% at BESIII

£V 10/1V/I£20 rmnruvrvZuio

Charm decays +
B decays + LQCD

Dayong vang




BGSI[[ D, Leptonic decays

Extract decay constant fj, incorporates the strong
interaction effects (wave function at the origin)

To validate Lattice QCD calculation of fz, and provide
constrain of CKM- unitarity

Decay constant (LQCD)

Decay rate (Exp.) /Gz o 2 /e \2
@ B XX B e, (1 —mg/mp )

CKM matrix element

2018/10/26 HFCPV2018 Dayong Wang 12



BGS]]I fy, Comparison

CLEO

PRD78(2008)052003  209-0+9.3+2.6

BESIII (2.9 b

PRD89(2014)051104(R) 205223218 -

FNALMILC
[ arxiv:1712.09262 212.6+0.5

RBC/UKQCD

N -

JHEP12(2017)008 _ _ _ 2087287 ——@ _____
PRDO1 (2015)054507 ~ 207.4%3.8
Eggégh?gfﬁzn 14506 ~ 218.9+11.3 -
HPQCD
PRD86(2012)054510 208.3+3.4
C .~g.
Eggﬁ?gfn 4)074509 ~ 212.640.4%;
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Regl ‘i]
160 170 180 190 200 210 22(“‘*“ (@ )
2 (2 =)
f-. (MeV)
* Most recent LQCD calculation, very precise
* BESII: f,,=(203.2+5.31+1.8) MeV (u*v mode),

most precise measurement

—_—— et e L N Ve o vayvily vvaiily 13



BESII

form factor (FF)
¢ Measure |Vcx| x FF
¢ CKM-unitarity =>|Vcx|, extract FF, test LQCD
+ Input LQCD FF to test CKM-unitarity

At zero positron mass limit: CKM matrix element
Differential Form factor
rate (Exp.) j [ "S I / (LQCD)
24 7

2018/10/26 HFCPV2018 Dayong Wang 14



FF comparison

T T T T ] T T T T I T T T T I T T T T T I T T T
T T T I T T T T T T T T l T T T T I T T T T T l T T T
HPQCD 0.747+0.010.015 HPQCD 0.666+0.02+0.021
BESII 0.78+0.04+0.03 BESII 0.7310.140.06 o
D'-»Ke'y, D'- re'v,
0.695+0.007+0.022 B —
E”‘il,lex v D' Kt E"e"e‘ . D 0.624+0.02+0.003
—nev,D-oru'v
BABAR 0.727+0.007+0.009 e
D> Ke'y, BQABAR 0.61£0.02+0.005 —_—
CLEO 0.73940.007+0.005 D—»me'y,
D’- Ke'v, D—»Ke'v, CLEO 0.6660.019:+0.005
BESIII 0.7368+0.00260.0036 D' re'v, D n'e'v,
D Ke, BESII|
0.6372+0.008+0.0044
BESIII 0.748+0.007+0.012 D' ety
D> Ke'v, e
BESIII 0.72460.0041+0.0115 EESIJI 0.6216+0.0115:0.0035  =e=
D'—- K.ev —n e.vu
s e
WS W SN W NN SUNN TN SN SN SN S S S S S S N SN S 1 1 1 L 1 L L | \ . \ I \ | \ \ I \ ' | ' I \ _ I \ \ | . I . \ '
055 0.6 0.65K 0.7 075 0.8 0.4 05 0.6 0.7 0.8
T
f.(0) %(0)

Ref:
AN (g J+) Charmed meson leptonic
and semi-leptonic decays at BESIII
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BES]]I Cabbibo-supressed D°“>m 'y,

=N
S
—

L D'— gt
_DenuvM

Data
Signal
BKGI
BKGII

- BKGIII

Kpipi
pipipi

D*— n'u*v,

others

Events /(0.007 GeV/c?)

0.2
(GeVZ/c?
(0 363 £ 0.008gt,t. O.OO5SySt,)%,
First measurement

02
M2, (GeVZ/cY
(0.295 4+ 0.0044tat. *+ O.OOSS‘y?tA,)%

Much improved precision

06 00

mlSS

Arxiv:1802.05492

RY i = 0.922 £ 0.0304¢0¢. £ 0.02246
LEU vat: yst Accepted by Phys. Rev. Lett.

Ripu = 0.96440.037at. £ 0.0264yst.

Agree with SM expectations
within 1.70(0.50)

2018/10/26 HFCPV2018
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BES]]I First observation: D°*) 23 _*© e*

To understand the internal structure of a,(980) -- two quark states
or tetra quark system:
* A prediction for the BF for D™ — a((980)%e*v,is: 5~5.4(6~8) x 107>
for two(tetra) quark description

A model-independent way to distinguish two different descriptions: R=1(3)

for two(tetra) quark. (PRD 82, 034016 (2010))
r = BDT = fo(980)I"») + B(D™ — fo(600)!" »)
B(Dt — H[;(QSU )T v) -

BESIII 2.93fb~1@y(3770)

B(D" — ap(980) et re) x B(ap(980) — nr ™)
= (1.337033 £ 0.09) x 107*  6.40

o~
=]
~

O

B(D" — a(980)%"v.) x B(ag(980)° — nz°)

Event/(0.05GeV/c?)

\CEvents/(0.04GeV)
(=]

\ } = (1.66708L +0.11) x 1074, 290
+ ) i
{ D™ = ag(586p ﬁl'r\— < 3.0 x 10~* at the 90% C.L.
1 T ’.-_.----"""'"'“'; F(D” — (1{](980) e l/f) . A
oL 21 REARELC et | (DT a3 (930eT ) = 2.03 £ 0.95 = 0.06,
M, (GeV/c?) U(GeV) h | d
* [sospin conservation holds
PRL 121, 081802(2018) P

 BESIIl results for D - fyetv, ongoihg.

2018/10/26 HFCPV2018 Dayong Wang



BGS]]I D, hadronic decays

Strong phase measurement with quantum correlated

P" - D°DO is crucial in the model-independent determinations
of y and charm mixing/direct CPV.

Probe non-perturbative QCD

+ Help to understand hadron spectroscopy — Study SU(3) flavor symmetry
+ Study short and long distance effects

r\f\ L e
- o L ’
40F Df — wwt 20 Df —» wK™ % i > 10 o) ’{\\&\‘:&\%
3 1.70 70+1levts| = | 6.20 | 38 +8 evts O 40— Q&\i\\\x\ |
@ 30 (a) @ 15: @ \A&\X‘y b (&) | \”‘
= - = o L\\\(\“\\\\X\ - \
S 20: > 6 \“\X\\ \%\\ %'— < - QF‘)\\
@i 10f Jr @ 5 E 20— { m
T : s
0 B AR F Mmmc F(.;ge'wcz] 85 0.7 0.8 -QW;.W.[?;E\;JC‘Z] - ; ; : I
0 | L L | L L | " L L ;
BESIII Preliminary results: 0.85 01-\/9[ iy Ge%z:%) 1
B(D - wnt) = (1.85 £ 0.305¢ar, & 0.19y5¢) X 1073 -
B(D} - wK*) = (1.13 £ 0.24g¢ + 0.14¢y ) X 1073 Bpr—pin = (1.22 £ 0.10) X 1073

First observation
pure W-annihilation process
2018/10/26  HFCPV2018
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BGS]I[ Amplitude analysis: D°->K-

0 -
B(D" — K ntrw BE IIPrehr!uS 98 +0.13

Event Fraction Event Fraction

Event Fraction

Event Fraction

1nary

(stat) £ 0.40(syst))%
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Voo,
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T
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Fitremilt

1 1 L ahsis
) 05 1.0 5 2.0 s 05, 15 2.0 25
Mass? Kt (Ge V) QD K (GeVZe)
-
T T T T y S T T
3sof-n, @ %\7
500 - - % %
300 % 3
400 - —Du 8 20EM A.% — D E
F i ~ NN Fitresult
300 [ 3"’;!:1 Iy E
. Sph :
2 ) ¥
< f
100 D M 3
1 L y I 1 1
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200
180
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140

120
100

60

40f-

20

Mass® &+ = (Ge V")

Mass® 7 (GeVZ/c*)

—Da

140
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"'"'WWWW
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| L L
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A
}
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T
’%
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ﬁ %ﬁﬁ 3

T

Ref:
aik (HAepr) Charmed meson
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First measurement

Amplitude mode

FF(%)

Phase (¢)

Significance(o)

D — 58S
D — {K‘fr"')s_wav._.(?r[’?rn)s
D — {K_frn}g_wav._.(w"'?rn)s

6.92 £ 1.44 £+ 2.86
4.18 +£1.02 & 1.77

—0.75 £ 0.15 &+ 0.47
—2.90 £ 0.19 &+ 0.47

> 10
6.0

D— AP A—= VP

D — K~a1(1260)*%, ptn°[S]
D — K~a1(1260)", p*«°[D]
D — K1 (1270)~7t, K*=7%(9)
D — K1(1270)°7%, K*°7°[S)
D — K1(1270)°7°, K*°7°[ D]
D — K1(1270)°x°, K= p*[S]
D — (K*n%)ant, K*~ (8]
D — (K*07°%) 47%, K*7°(8]
D — (K*7%) 47", K*°7°[D)
D — (p*K™)an®, K= p*[D]

28.36 + 2.50 + 3.53
0.68 £ 0.29 + 0.30
0.15 + 0.09 £+ 0.15
0.39 4+ 0.18 + 0.30
0.11 £ 0.11 + 0.11
2.71 4 0.38 + 0.29
1.854 0.62 + 1.11
3.13 4 0.45 + 0.5%
046:|:Dl?:|:ﬂ".'"i
0751%@3 500"

%%

0 (fixed)
—2.05+£0.17 £ 0.25
1.84 4+ 0.34 = 0.43

-1 551020i %

—1. 35&:043
270,20

—~2.07 £ Q60N
10 O miom

Y 0,12 £ 0.21
84+ 0.26 + 0.42
0.64 + 0.36 + 0.53

> 10
6.1
4.9
48
4.0
> 10
7.8
> 10
5.9
5.1

D — AP, A — SP

D = (K~7") sewavem ) am’ \g\\§\:|: 1258 d: 1.55 —0.02 4 0.25 & 0.53

7.0

D—=VS ~

A\
D= (K~x )b wave ot \\"}\\14631170i241 —2.39 £ 0.11 £ 0.35

D— K*~

D K"“ %% ol

0.80 £ 0.38 £ 0.26
0.121537 £ 0.12

1.59 +£0.19 + 0.24
1.45 £ 0.48 £ 0.51

> 10
4.1
4.1

D — VP, 'l/ — VZ
D — (K*_Tl'-'—)vﬂn

2.2+ 0.43 £ 0.45

0.52+0.12 +0.17

D—=VV

D[S] =+ K*=p*

D[P] — K*=p*

D[D] = K==p*

D[P] — (K_Tl' )VP+
D[D] = (K~ 7%y p*
D[D] — K~ (ztx%)y
D[S] = (K~ 7"y (xt 7"

5.15 £ 0.75 £ 1.28
3.25 & 0.55 & 0.41
10.90 £+ 1.53 + 2.36
0.36 £ 0.19 + 0.27
2.13 £ 0.56 + 0.92
1.66 £ 0.52 + 0.61
5.174+1.91 +£ 1.82

1.24 £ 0.11 £ 0.23
—2.89 £ 0.10 £ 0.18

2.41 £ 0.08 £+ 0.16
—0.94 £ 0.19 £ 0.28
—1.93 £0.22 £ 0.25
—1.17 £ 0.20 £ 0.39
—1.74 +£0.20 + 0.31

> 10
> 10
> 10
5.7
> 10
7.6
7.6

D—TS
D — {K‘?r"')s_wav._,(?ruarrn)r
D — {K_frn]s_wav._,[i'r"'?rn);r

0.30 = 0.21 £ 0.30
0.14 £ 0.12 £ 0.10

—2.93 £0.31 = 0.82
2.23 £ 0.38 £ 0.65

5.8
4.0

HECPv2018 hadronic decays at BESII
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BESII

150~~~ T

—+— data
total fit

100 —— —- ©%e'*v, bkg.
- I other bkg.

Events/10 MeV

1T T T I LI

-0.2 -.1 0 0.1 0.2
U . (GeV)

B(D" = yev,) < 3.0 x 107>,
With Ey>10MeV

Double Tag analysis with
2.9fb* @3.773GeV

pi° e v background
normalization with
dedicate DT analysis

7’ i
exp _ Npr Z Ngr o
0 i i 0
d Nor i —~ gl DT
i e, “DTa0 '

Dst — ye*v, is in progress

Source Relative uncertainty (%)
Signal MC model 3.5
e tracking 0.5
et PID 0.5
y reconstruction 1.0
Lateral moment 4.4
0

r’e*v, backgrounds 2.7°

2018/10/26 HFCPV2018
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BES]]I D—h(h')ee searcI13_

F D°> K'Kete i f D’> n'mete”

Signal decays B (x107) PDG [9] (x10‘5§
Dt = gtnlete <1.4 §
Dt - Ktn%"%e™ <15 5
D" - Kdntete <26 =
DT - KYKTeTe™ <1.1 e

DY > K-Ktete <1.1 <31.5

DY - gtaete <0.7 <373

DY - K—ngtete <4.1 <38.5

DY - 7l¢te <04 <45

D? = pete” <0.3 <11

D% = wete” <0.6 <18

DY — ng+e_ <1.2 <11

"in M, ,- regions:

[0.00, 0.20) GeV/c? <3.0 (1.5°

[0.20,0.65) GeV/c? <0.7

[0.65,0.90) GeV/c? <1.9 (1.0°

DO nogre i | D'smete Db DS ope i b D" Kiete’

< —- N w £
T T

Phys. Rev. D 97, 072015 (2018)

| D' KIK'e*d

Events/(0.0045 GeV/c

III
1.84 1.8 188 1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88

M} (GeV/c?)

With double tag technique at threshold,
both D° and D* FCNC are studied.

UL for D* 4-track events are provided for 15t
time

other FCNC upper limits are greatly
improved

divide the M(ee) distribution into 3 regions
for Kpiee to help separate LD effect

2018/10/26

HFCPV2018
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BES]]I absolute BF of D_,* (2317)* = m°D*

e_l_ D*+D:O(2317)_ ‘n0-tag succeeded 2.80 —Total fit

4.6GeV data 567pb-1

M=(2318.3 = 1.2 = 1.2) MeV/c?
BF=1.00+0.00 *= 0.14

differs from the expectation of the
conventional ¢’s hypothesis of the
D.(2317) but agrees well with the
calculation in the molecule picture

M=23183+12MeV + ..

+ w?/ndf=1.02

oo O o O
I

nO-tag falled X2/ndf— 1.3

JrJr +m+7t+ F ‘Jf“qL ++ +

backgrou nd

)

S
III|III|IH-|—JII(I|III|III|III| IIII|IIII

o

O

—

L

=h

=

|III|III|

N |||||

25 225 23 235
RM(D )(GeV/c)

4

Phys. Rev. D 97, 051103 (2018)

2018/10/26 HFCPV2018

Dayong Wang 22



RESTT

= Evidence of A_*->pn, and
search for A *>pn°

PRD95(2017)111102

30

ot

20

%I_

Events/ (2.5MeVic?)

10

ﬁﬁi +

(a)

of PO Gt
15 4+ data -
C ---- signal curve (b) ]
L --- background curve -
- total curve T
10 data in AE sideband ]
[ ---- datain M____.sideband 7
S - I [ i
A TR
oL AL s rioullies R SES)
2.25 2.26 2 27 2.28 2.29 2.3
Mg (GeV/c?)
120 B
F i £ I\ [czreesmcd
o F ----— signal curve = :‘-Ef\
o 100 [ --=-- background curve ;“f E '\\:
= total curve = b
L gp l data in AE sideband & '
= B s
E-, &0 1 1 1 = N{AG—>pe)
g Ef‘—ﬁ-?‘i% +
@
= 40 Tis) +
@ I
w20 +
ol e
2.25 2.26 2.27 2.28 2.29 2.3

M- (GeV/c?) |

Ne— FOO0 K+
PLB783, 200 (2018)

W-change only

“Calculated relying on different
b and a.

2018/10/26

values of parameters

HFCPV2018

Recent Ac decay results

= Measurement of B[A_ *>AX]

PRL121(2018)062003
PDG: B[A . *>AX]=(35+11)%

2.3

arXiv:1805.09060

= Measurement of B[A *>eX]

2295 ; ' :A_ _ gf‘%ﬁs Tk B PDG: B[AJ‘%AX] =(4.5+1.7)%
2205 e ko Bl
2285 B -'}:";Q."-“ffm*’ﬁ&* Lod 2 e
L s D T
32.275 2 . C ' : > 6or
Eis 227 E . e S o L
2265 c D 'E o 00
226 F e PO . S
2.255 £ . . . 2 2
P I L - R SR I B DU I B I N & L
11 1105 141 1415 112 1125 143 1135 oL ‘ ‘ ‘
M, (GeVic?) 0 02 04 06 08 1
Momentum (GeV/c)
Important to calibrate the Test effective quark model
CF amplitude in charmed calculation, and guide
baryon sector, and guide experimental searches.
60 [~ Data ST Mg sideband B(A} = Xetv.) = (3.95+0.34+0.09)%
_ [
r— total fit ='*'% 2nd-order polynomial 8) 7.
: Result AF = Xetuw, W
40 - 10.30 6.40 ( BESIII 3.054+0.35 1.2640.12
: MARK IT [7] 45417 1444054
r Effective-quark Method [9, 10] 1.67
20 r Heavy-quark Expansion [11] 1.2
Mt Dl - 4T o. Ref: & A& (PFHX)
12 1.4 1.6
(GeVic?) Dayong Wang 23
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BESI

Afs Ao
Two-body BERRNOIOS DD nZ, 0L
Thresholds EgEs HcEc
Molecules @y | g O Understanding of
e T established states:
Gluonic dg,ulg,ssg ks precision spectroscopy
Excitation 999, 99 O Nature of exotic states:
search and spectroscopy
, of unexpected states
qq ek Charmonium
Mesons uIC Wy, 4, w(23)
p’ f! a! h’ K
LEAR! BESIII |
| — | | 1 I
1 2 3 4 5
Mass [GeV/c?]
2018/10/26 HFCPV2018
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Events/(0.005GeV/c?)

—_— D W B W
oS O O
oS O O

)
(=)

(@)’

PRL 108, 112003 (2012)

?)
T

Events / (10 MeV/c

16 1.7 18 19 2 21 22
Mn'=*n] (GeVic?)

o i
13 14 15

X(pp) and X(1835)

— 25 -
> - * Y
Q - K<K — PRL108,112003
= _ [iw-ynntn- I/ = ks ®e 0 PRL115,091803
L. 200 : 0+ PRD87,032008
- . . PRD88,091502
- ¥ JrC? PRL107,182001
- | J/Y o yed /Y- y3(rtnT)E:
1001 l a:
50— _;— -
- _ P J/Y oot
- J/¥ = ypp :
) S I TN (O T T P I I
1800 1820 1840 1860 1880 1900 1920 1940 23960
M (MeV/c)
Connection is emerging ; Fom
PRL 117,042002 (2016) LF :‘i;::;w"
?0 r ;mmdum»am
S 1500 PP threshold
Model 1: Model 2 =]

Flatte lineshape
with strong coupling to pp Breit-Wigner and one
and one additional, additional, narrow Breit-
narrow Breit-Wigner at Wigner at ~1870 MeV/c?
~1920 MeV/c?

» -

DI.Q 14 15 16 1.7 18 19 2 21 22
Mnn'n] (GeVic?)

* Suggest the existence of a state, either a broad one with strong
couplings to pp, or a narrow state just below the pp mass thresh.
* Support the existence of a pp molecule-like state or bound state

Any relations?

What is the role of the ppbar threshold (and

other thresholds)?

Patterns in the production and decay modes

Event/(0.04GeV/c?)

250¢ | == Data
L — Projection (aa)
+ - X(1810)
200 ' lo. 2020)
; | 1_2(1950)
- ' —— 12225)
150 E ! -« Phase-space
r o -~ Background
100 - L 3 Ip—yod
[ ! PRD 87,032008
50 :A , ‘-'..
of t-'»"_', o
2 25 3
M(K'K 7*x'=%)(GeVic?)
R e . T
= Swf PRL 107,182001 E
;'_ T0Ef, (1285
S o A A W e
—_ SWE -
= 40E
= 3wf -
. X(187
5 (1405) X(1870)
100
0

12 14 1.6 1.8 20
M,s o (GeV/c?)

320 J/Pp—y3(m'mr)

= PRD 88,091502
150

& 100

16 1.7 18 19 2

M(3(x*x)) (GeVic?)

21
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BEST 1n(1405)/m(1475)

> n(1405)Mm(1475) are two different states or one 0" state in different decay modes”

® MARK III reported two states mixture in the 1400 MeV/c? region for the first time in the PWA of
]/ - yKSK*n™.
v" Described by a;(980)m and K*K amplitudes  [Phys. Rev. Lett. 65, 2507 (1990)]

® Confirmed by Crystall Barrel and Obelix [Phys. Lett. B 545, 261 (2002)]

® No observation by L3 on 1n(1405). Both states not found by CLEO

v" First observation of 1(1405)—£,(980)r° by BESIII in JAy—y3n decay with a narrow resonance f;,(980)
and isospin violation. [PRL 108, 182001 (2012)]

% g 20 @ 1 According to triangle singularity, the shift of the peak
g gig i positions in different channels occurs via the intermediate
: ie K"K + c. ¢ rescattering [PRL 108, 081803 (2012)]
93 i 12 EIG 18 B & 09 1.';\- T ;.2 * 1ot

M(fo(980)1t°)(GeV/cz) M(r*r)(GeV/c?) K (K ) . 7-[0
% g | n(1405) and  n(1475) mM(1440) _
§ o 8 could be one state K(K) 71
%Z g ” appeared as different line

o Ty _ _ fa shape in different channel K(K) <
1233 16 18 R 1 12 f0(980) 1

M(f (980)%)(GeV/c?) M(rm9)(GeV/c?)

o
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BESI inJ

» Two resonance structures corresponding to (1475) an(y ),{(1835)
mass positions are observed in the ¢ yield versus M(yd) data

v’ Angular distributions are in favor of 0-*
v" Measured M and I" are consistent with (1475) and X(1835)

Solution Resonance mg (MeV/c?) I (MeV) B (1079

1 17(1475) 1477 +7 £ 13 118 =22 + 17 7.03 +£0.92+0.91
X(1835) 1839 + 26 + 26 175 =57 + 25 1.77 £0.35 = 0.25

I n(1475) 1477 +7 £ 13 118 =22 + 17 10.36 = 1.51 & 1.54
X(1835) 1839 +26 + 26 175 £ 57 +£25 8.09 £1.99 +1.36

» I'(M(1405/1475)—yp):I'(n(1405/1475)—yd) is slightly larger
than the prediction of 3.8:1 in PRD 87, 014023 (2013) for the
case of a single pseudoscalar state.

» Interpretation of n(1475)/X(1835)—yd

\/ Sizable s§ component

Observation of 1(1475) and X(1835)

Solution1: constructive interference

— 400

200

¢ yield/(0.035 GeV/c?

i

<50

T T T%T T 1 l T 1

ﬁ’i’r n(1475)
\ 13.5¢

1,(1285) /

O

—
l\)_

1.4

1.6

1.8 2

M(yo) (GeV/c?)

Phys. Rev. D 97, 051101(R) (2018)

Solution II: destructive interference

v 1(1475) could be a radial excitation of the 0", if n(1405) and & 400" "7 T T T
1(1475) are different states [PRD 70, 114033 (2013)] L (b) 3
T T T & 3001 -
oo ol (b) E 10 - .
o5 6001 X(1835) % S 200 -
8 . § = N 3
3 400f A 3 u ]
S Hbel et 2 © 100 :
& ] _»— e [ R OO TS Al HE=tE IRk T i (e PP
Y e ) 12 14 16 18 2
cosh, M(yo) (GeV/c?)
2018/10/26  HFCPV2018 27

Dayong Wang



BGS]]I Observation of a, (980)-f, (980) Mixi

10 : ©
S gof (2) n S
(0] I (0]
= 60 =
o o
T 40 =
~ ~
n 20 (7]
- -—
C C
o 0 (0]
> > o
LIJ -20 L L L L L - LIJ -5.- L L L L L 2
0.7 08 09 10 11 1.2 0.7 08 09 10 11 1.2
M., (GeV/c?) M., (GeV/c?)
7.40
100 25F
cq§80 ‘g 3
3 3
S 60 s 15F
o o C
T 40 T 10F
£ 20 2 sf
[0)] (0]
o 0 o Of
0 -5E
0

-20.7 OI.8 OTQ 1f0 1I.1 172- -7 OTS OTQ 1:0 1I.1 172-
M, (GeV/c?) M, (GeV/c?)
£ = B(J/v — ¢f0(980) = ¢a5(980) — ¢nr°)
e B(J /% — ¢fo(980) — ) ’

Phys.Rev.Lett. 121 (2018), 022001
Editor’s suggestion

2018/10/26 HFCPV2018

M. (GeVic?)

M. (GeVic?)

B(xer — 71°a8(980) — 70 £6(980) — 727 tn ™)

B(xc — m0ad(980) — 7070n)

Q@7 *q9g

Dayong Wang
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BGS]]I dynamics and meson structur

Observation of Y (3686) » n'e*e”

“’é-: . e'e— e'en’ — Data ‘i‘-: 20l [ e'e— e'en — Data o .
2 ¥ Conv. — Total Fit| = y Conv. — Total Fit] precision study of ' — n*n
@ 40 --- Background ----Signal A é’ --- Background ---- Signal
= 15¢
S 7.00 (a) 2 6.36 30000 [ 1y
g’ = 10 i
2 20 & [z 25000
S S St )
i T { . = _|_ | A\ Ezoooo_
0.85 090 095 1.00 1.05 0.85 0.90 095 1. 1, .
M(yr*) (GeV/c?) M(yyr*t) (GeV P i
. £ 10000
arxiv:1803.09714, Z i
Phys. Lett. B 783 (2018) 452 5000
. : : -5
Dalitz type decays to provide more info 04 RiGeviy 0 99

about meson structure, and plays
important role in constraining the

uncertainties to (g-2), Phys.Rev.Lett. 120 (2018), 242003
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Moment:

[(cosfy) =

1 i
“\f E (sin 0} sin ¢} — sin 0% sin ¢4

ADP=42.4+0.6 0.5 (degree)

_ 1 — oy cosOy sinfa N
\PA(GA) - 1 + o, cos204 sin(22)9

S o0.002f (=) " ~ S 0.002; (b) 1 + Ref%% W'] (TT;:J ﬁ% ﬁﬁ)
s | e | AR BESIII kA2 F 49 4% & #24%
g g <A F2CP 2k 3R 7,
= -0.002 5 =3 -0.002 : ++ + +
o ; d 5 6 0‘5 o : j5 0 0‘5 1
) - cosf ' _ - cosf, '

Parameters This work Previous results
arxiv1808. 08917 @y, 0010006 SO0UT 0409 0027 [
In review of Nature Physics o 0.750 £ 0.000 % 0.004 0,642 £ 0.013 27]

o —0.758 £ 0.010 = 0.007 —0.71 £0.08  [27]

&0 —0.692 & 0.016 =+ 0.006 —

Acp —0.006 £ 0.012 £ 0.007  0.006 = 0.021 [27]

o /o 0.913 + 0.028 + 0.012 —

2018/10/26 HFCPV2018
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BES]]I Charmonia and XYZ

(2S+1)

L.
J 1S 3S 3P 3P 3P 1p 3D 3D 3D 1D ??
~Bhog—o—1- 2 & "o 74 "8 7 4 "2 @
L
=
% 4750 —
T R —— BEPCII engrgy
% 4500 _:Jﬁ41 5) = Z*(4430)
= = Y(4350) _ = X(4350
4250 (x7a160) ™ Y(4260) — 1 Z; =
B I e e H— PO
- w(4160) Ztw_,
4000 y@oaoy—— Y(3915) 182 (402:1
X(3940) x (2P) = [ ] =Z*(390
3750 | ©2'  X(3872) Y i e E—
— Open charm threshold w(3770)
e ). o
3500 —h'c—
3250— 0 = Established Ref:
"M ; > ot
3000==_ YV = New States ié‘&’% ( = At );)T)
n (1) Status of Charmonium
2750 [ ] Theory Spectroscopy
ogopob o+ 1 v Ly by by by by ]y |

0" T 2F 70" ¥ @ @ T 2 ¥ e
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BGS]]I Observation of for X(3872) to pi

9.0 fb-1 for 4.15 < Ecm < 4.30 GeV.

+n” 0 i
e'e >y x chWIthxwayzdhp

Events / 5 MeV/c?

8 -
7
E Xc1
6 +
5E Xco
ab Xc2
3F
2|
- - T | _ 1 | [ .J
$£35 340 345 350 356 360

MGy, Jp) [GeV/c?]

We measure branching ratios

Ry = B(X — o) / BX — m-J/p):

The large value for R disfavors the y;(2P)

Ro<19(90% U.L.)
R1 =0.88+031_g 26 + 0.14
R2<1.0 (0% U.L.)

interpretation of the X(3872).

e*e'—>y1n°xwwithxw =y, Iy

3'55_ (a) J=0

3.0F
25F

20f 1

Events / 5 MeV/c?

1.5
1.0

05—t ||

Tl

1.60

0.0l

wn
T
=
o
~
[

1
-

Events / 5 MeV/c?
FN
|

5.20

35
3.0F
25F

Events / 5 MeV/c?

2.0F
1.5
1.0 1 1

0.5

LA

1.60

Ly —

0075 3.80

3.85

W
4.0C

| [
39 395
M(x% ) [GeV/c?]
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o(e’e—n*nJ/y) (pb)

Réqm' Y(4260)=>Y(4220)

100 C
L 4 xvz PRL118, 092001 (2017) 2505 wnrs PRL118 092002 (2017)
80 - — _F eBESL e
r § 100 B Fitl ” '.é. 200:_ —Fit curve: Total
60 S i £ [ -- Fit curve: Y(4220)
E i i 1505 _ it curve: Y(4390)
40 - @ -
| i =
2o0r T T s0F l |
0 i 1 L 1 0 B % E l] L I
3.8 4 42 4.4 4.6 . £ 9 — L Ve
s (GeV) s (GeV) = F°* 4 H
100 - -50-

o +-Dat Consistent values of C i3 (Gev)

o(e"e—wy_) (pb)

o P s Mass~4220 MeV, ° 120p T
k Width~ 60 MeV!  ~ "%°F || | e
N L — ’ — T PRD 96, 032004 (2017) - Baar -
wf ] o 04 ;
-40: N I I I BTN I B 8 40:—

415 4.2 4.25 4.3 4.35 4.4 4,45 4.5 (3

\s (GeV)

Tl

5
52400

_ Ll 'S P P TR R
,,29-.,0, 41 42 43 4.4 4.5 4.6

| RARA] RALLY L) L) L) LLLL) LLLL) \
Tl v by 1

00— p ot P - B
O 42 | '4=.3' - '4ﬁ4' — '4{5'% 70F Ay (3686) Is(GeV)
First observation Ecu(GeV) S oof s |
©  50F -+ 2xx%:%)(3686)
of Y decays to : 9 aof PRD97, 052001 (2018
. arXiv:1808.02847 £ ! ’ (2018)
open charm " | ’ E]
10E $'d
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BGS]]I BESIIl| measurement

v E
$ P «y(4260)” veo),
< 200 }(4415)
N -
§ 0. Was here O "Yazz0)"_,
160 :_ "Y(4320)":r:td/w
140 :— "Y(4220) "mnp(2S)
120 - Y(4390)" ..,
= "Y(4220)"
100 — :t:rhc
= "Y(4390)"
80 — .‘r:rhc
= "Y(4220)"
60 — xDD
= "Y(4390)" .
40 — . xDD
= "Y(4220)",,
20 — c0
» I 1 | 1 1 I | | 1 1 I | | | | | | | | 1 I 1 | | 1 I 1 | | | I | | 1 | I | | |
4150 4200 4250 4300 4350 4400 4450 4500

Mass (MeV/c?)
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BGSI[[ Search for Zc->pn_

* Search for new decay mode of Z(3900) and Z_(4020)

* The ratios of Zg') - pn.to Zg') - 1] /Y(mh,) may
discriminate the tetra-quark and molecule models.

Date sets: 1600

» ~4fbldata set distributed at /s = 1200
4.23,4.26,4.36,4.40,4.60 GeV '1233

Strategy of this analysis: 600F @ 4.23 GeV

e Start with looking for ete™ - ntn~n%.,n,—9 >ooE. BESHIl preliminary

Ng,= 333 = 81
7¥/DOF = 30.3/29

Al

hadronic decays 87 28 29 3 31

M(n_—Hadrons) (GeV/c?)

» Strong evidence of

605 N, = 240 = 56
ete"— mZ,,Z, > pn, is observed ‘% jg"'w
at \/s = 4.23, statistical = 2ok
significance is 4.30. (3.90 2 o
including systematics) w 8 ;3 l}
« ete > mZ, Z, > pn,isnotseen gopEEEEET e
in all data sets. Mpecor = (GEV/C?) Mgy - (GEV/C?)

2018/10/26 HFCPV2018 Dayong Wang
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EG\EIE; Observation of e'e— x

BESIII preliminary

— 4 (4420) 30;_-—Data (C)
L2 40 +Data © - g (3770)
> S 25¢
8 35 —nny(3770) % - [ sidebands
o 30 - 7DD O 20C
S --D,D o T
S M Sideband e 15-
£ 15 520 % 10
2 10 > C
> w 5-
3.7 3.8 3.9 4 41 0°50395 4 4.05 4.14.15 42 405 4.3
M(DD) - M(D) - M(D) + 2M(D)___ (GeV/c?) M (T w(3770)) (GeV/c)
2UU 5o
S § rn cross section v
Observed the process e+e\‘ — = q5p 7 eerimiemesEet
- =) :
A 3770). [ Co v
P (3770) 2 00 "
No y(13D;) signal and no significant = 505
. . g - d
signal of Z. in the ¥ (3770) system. & | e .
. . N o4 + ------------ ¥ + --------- ——
Clear structure inthe line-shapeof & ¢ . )
Tt (3770). T 500 Y(4390)? 1)(4415) |
oo b v b v o b b e b L
Also observed e*e— DD;(2420)+c.c. 41 42 43 44 451 46
- Eem (GeV) 36
2018/10/26 HFCPV2018 Dayong Wang



BGS]I[ Enhancement of hyperon ?a
production near threshold

N —
B foeArAs : Phys. Rev. D 97, 032013 (2018)
[ -~ BESII data - .
0 WL =k l 1 g
PHSP model : , I —4 a :
200 :_,...Threshold I + I : \CISOO,_ (a) - BES"I 5
- g —— BaBar
100 + - O ; —— DM2
; g «»200[! — pQCD fit
0456 457 458 450 46 g :
s (GeV) 51007
Phys. Rev. Lett. 120, 132001 (2018) 0: A
25 3.0 3.52
M . (GeVicY)
Coulomb enhancement factor? ™
4to®C 1
o3 (9) = oz 1Gu(0) P+ 5 Ge ()]

2018/10/26 HFCPV2018 Dayong Wang 37



RECT  Searchfor J/y[y(3686) - DO%te~

<"'§ ------------------------ E ‘\/'\J 10 _
> 8 31>
q 6 41 N
(@] ] O
S O Tl 3 S
c 4 T4S
2 2 ‘H L
0 )l e -
TR e W Q8T T8 19 2 2
] g 2
M(K pi*) (GeV/c?) . M(K ) (GeV/c?)
© s Phys. Rev. D96,111101(2017) (RC)
%J 4 i Q@ 4
(cg 3.5¢ 3 g 3.5
S ,of RPY:
= 2.5F S -2
S T T |E < 15
~ 1.5 5
n E i = 16+ [+ -+
c I T e s o5 LH
2 0% Lo L [ 07 1819 2 5120 2.3 24
ITRNY 19 2 21 22 23 2. '
~_\I1i_

M(Kmt+n0) (GeV/c?)

A7 _ N\

Events / (0.002GeV/c?)

Events / (0.003GeV/c?)

SO LN WD OO N D

1
t
:\i

819 2 51250304
M(K ) (GeV/c?)

Con5|der|ng the systematic uncertainty, at 9o%C.L.

JIy— D% %te™ 4+ c.c. <8.5X1078 2 orders improvement over PLB 639, 418 (20086)
W(3686)— D%t e” 4+ c.c. <1.4 X 1077 setfor the first time
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BESTT  w(3686) > A% pe*e search

Signal region:2.25-2.32 GeV.
A} mass: 2.286 GeV

3- 4 Dpata
- Signal MC Phys. Rev. D 97, 091102(RC)(2018)
~ 2.5 g
L | L
E ..  Sideband : Sideband e No signal is found.
o | éignaiéregion e the 90% C.L. upper limit
@ °r ] (Nup=47.3) is obtained
s [ | lll taking into account the
Ll B o« o .
: efficiency and systematic
“EL R IR} uncertainties.
Co 1) Y SV Y Nuel Instrum. Methods A 551 (2005) 493— 503.
2 205 21 215 22 225 23 235 24
pKn (GeV/c )

e The BF upper limit @90% C.L. is determined to be 1.7x107°
with systematic uncertainties taken into account.
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The first of "Sakharov conditions": “there must be BNV process”
Many theory could have BNV, e.g. Georgi — Glashow GUT model,
X and Y bosons with charges 4/3 and 1/3, BNV and LNV I O

Phys.Rev.Lett. 32 (1974) 438-441

=0 p AN
% 8 I 6F
S - 4 AB=1, A(B-L)=0
o 61 ot
g N 0254 226 228 2.3 232 IB(J/\V—>AC+e-)<6,9 X 108
8 4 B arxiv: 1803.04789
k= - Submitted to PRL
s 2
I N GIRIEa B
O | | | | |
2 22 24 26 2.8 3
M o— (GeV/CZ) expected UL with 1010 J /i 107°
P T
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BES]]I Measurement of]/$ - K.K;
and search for J /Y - K. K
Search for |/ - K K¢ |

o CP and Bose-Einstein statistics violating process

¢ EPR: ~1078level

¢ KDoscillation model: 10~°

¢ Compared MARKIII and BESII, the upper limit is

Events/(0.3MeV/c)

nE
improved by 10? and reaches the order of EPR expectation | ‘ ]1 ‘
1.46 1.47 1.48
x ‘l)}lg i‘; P, (GeV/c)
emc (%) 25.7
B(J/w — K¢Ks) (95% C.L.) <14x108

arXiv: 1710.05738
PRD 96, 112001 (2017)

Measurement of B(J]/{ = K K;)

o B(J/PY - KK;)=(1.91+ 0.01(stat.) +0.05(syst.))x107%,

¢ the precision is improved from 19%(PDG) to 2.6%, while the
central value consistent.
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BESIL

KLOE 2015

BESIII

L L

—

Ll

10-4 10-2 [ | 1 1 lll1l;-1 [ | 1 [ | [ | lllll || [ | 1 1 lll-lll0
m,. [GeV/c?]
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BGS]]I Omega and phi invisible decay

The first search of

. . . ¢ — v < 8 [—4— Jy data Jhp—yn MC
InVISIble decayS Of 2 S L JIhp—¢m, p—anything MC- Jhp—wn, o—anything MC|
. recoil direction @ ° -] Signal MC (w—invisible) 7 Side-band data
light vector mesons i 2 [0 Sonaic (pinvisie '
' ’ ;l (D -
' ,', - — - .
. ! ” L
arxiv:1805.05613 e S 4
PRD 98, 032001(2018) 2 |
s o
d ? -4._ - - ) Lnl |
i %.4 0.6 v 0.8 12 1.2
—atnalor
n T Mo (GEV/C)
o 8 o~ 8
s S f
o °F & s
S 4 l H ] S af
é g 2
AT 0 T 03 0.6 ;o.‘e NI
_ Mecon (GeV/c?) M., (GeVic)
Upper limits set at 90% C.L.

B(w—invisible) -5 B(¢—invisible) .y
B < 8.1x 10 eoired) < 3.4 x 10

B(w — invisible) < 7.3 x 107° B(¢ — invisible) < 1.7 x 1074,
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BES]]I Summary

It is 30 year anniversary of BEPC/BES, also 10 year
anniversary of BESIIIfirst collision event

BESIII has performed wide range of physics studies
Light hadron spectroscopy and decays

Charmonia transitions and XYZ

R value and QCD studies

Charmed meson and charmed baryon

* 6 6 o o

Rare decays and new physics search

BESIII publication webpage:
http://english.ihep.cas.cn/chnl/245/index.html

BESIII has great potential with unique datasets and analysis
techniques. Operation for another 6-7 years forseen, with
small(but critical) energy and lumi upgrade

e ...Moretocome! Ref: B8:%& (EH#A %) BESII prospect
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BES

]]I.

BESIII preliminary

S0F & Data (4420) 35F + Data (4420)
< L =—Fi o [ o=Fj
% 405 7~ 2B a770) % s _BB ‘
0] - - anDD G 25 D'Dn
0 _ m Sideband ‘ 0 F m Sideband
8 30 { S ok
o C <
= r 740 =
= 20F g
g £
2 10 2 }
L r w
2.2 23 2.4 2.5 2.6 o1 2.3 2.4 25 2.6
M(D°r*n) (GeV/c?) M(D"r) (GeV/c?)
g IOUE —=&— Born cross section 3300: —&— Born cross section
: 140; ¥ Upper limit at the 90 % C.L. % 250; 'v Upper limit at the 90 % C.L.
£ ' ® 200 .
OD 1005_ [a] 1502_ M
180 \ w00
cD-: 602_ v t::d: 50? } { ' 1 ¥
B w0, . ] S o |
T2y + 5 50| |
o Of - 2.-100-
& 200 © 4505
43 435 4.4 445 45 455 4.6 43 435 44 445 45 455 46
Ecm (GeV) Ecm (GeV)
DY - Dt~ DY - D** ™
Observed the process ete™ - DD, + c.c..
— Clear structure inthe line-shape ofete™ - DD, + c.c..
2018/10/26 HFCPV2018

Events / ( 0.005 GeV/c?)

o(e'e—»DD;j,D;— D'n*w) (pb)

Observation of ete'— DD (24

1201
100}
80+
60"
40}

20

20"

vayully vvaily

-+ Data
— Fit

—DD

-- mny(3770)
=~ nnDD

™ Sideband

2.3
M(D*mc'n) (GeV/c?)

2.4 2.5 2.6

~&~ Born cross section

v Upper limit at the 90 % C.L.

I

——

L e b v b b b by b
43 435 44 445 45 455 46
Ecm (GeV)

D - D*rn*n]
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BES

Events/(0.5 MeV/¢?)

2018/10/26

+ ,,7'/ +

- '. g «14 +

* '
_"I—-|L_' l'1|n JL_ b

llllllllllll

400 (a) DO — I{_ﬂ'-*_’l),

300

200

100
T DO s KOR0,

O (b) st

40 y
- "

204 W bbt s a0
'T.H. —an_r‘-"--nrl_., ,_'1 pl 1_':',:‘:"1:‘!,—1
- + -0

40

20—

Sl LA IR

‘J{llL}—fL\ru. i) \_q—n ‘_\r'\.r.,._,n..
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