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Beijing Electron Positron Collider(BEPC)

@ April 1983, the State Council officially approved the proposal to construct the
Beijing Electron Positron Collider (BEPC)

@ October 1984, the groundbreaking ceremony for the BEPC project




First e+e- collision at BEPC

On October 16, 1988, the first electron-positron collision took place at BEPC

30 years anniversary of BEPC/BES
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Bird view of BEPC
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BEPC constructed in 1984 -1988 with
BE P C beam energy: 1 - 2.8 Gev Physics
Run: Luminosity 103icm-2s-! @ 1.89GeV
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1. 2. 1st. LR. Experi. hall
3. Power Station of ring mag. and computer center

4. RF Station 5. 2nd LR. Experi. hall
6. Tunnel of storage ring 7. Tunnel of Trans. line
8. Tunnel of Linac 9. Klystron gallery

10.).Nuclear phy. Experi. hall 11. Power sta. of trans. line
12. East hall for S. R. experi. 13. West hall for S. R, experi.
14. Computer center

Beijing Electron Positron Collider



Upgrade in 1996—1998
(BES—BESI I )

MDCI MDCII

Cells 702 804
Total wires 19380 22936
Sense wires 2808 3216
Symmetry 2-fold 4-fold
Feedthrough 2 parts | part
Layer 10 design voltage 4.25kV 3.8kV

TOFI TOFII
Scintillator NEI110 BC-408
Phototubes XP2020 R2409-05
Light guide length 112cm 16 cm
Attenuation length 2.5m 4.4m

CDC VC

Chamber Drift chamber Straw tubes
Layers 4 12
Gas Ar/CO,/CH, Ar/ethane
Pressure | atm 3 atm
Beam pipe 2mm Al [.2mm Be




Schematic plots for BES
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Jiy and y’ data sample (10%) at BESII
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BEPCII and BESIII

BEPC (Beijing Electron-Positron Collider)
— BESI/BESII detector worked on it from 1988 to 2004
— Beam energy: 1.5 - 2.8GeV

BEPC - BEPCIT
— Luminosity:

« 1.0X103cm2s! > 1.0xX1033cm2s!
— Number of beam bunches:

- 1593

BESITII: a new spectrometer to be working on BEPCIT
— Very good energy and angle resolution for photon measurement

— Accurate 4-momenta measurement of charged particles with low
momentum

— Good hadron identification capabilities
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BEPC |l Storage ring: Large angle, double-ring

Beam energy:
1-2 GeV
Luminosity:
1X10% em2s!
Optimum energy:
1.89 GeV
Energy spread:
5.16 X104
No. of bunches:
93
Bunch length:
1.5 cm
Total current:
091 A
SR mode:
0.25A @ 2.5 GeV
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BESIII detector

Magnet SC magnet
yoke ——
TOF
Be beam pipe
Drift Chamber
+Je )
CsI(TD calorimeter
Sub-system BESIII BESII
Ozy = 130 pm 250 pm
MDC AP/P =0.5% @1 GeV  SC magnet | 2.4% @ 1 GeV
OdE/dx = (6 - 7)% 8.5%
AE/E =2.5% @ 1 GeV 20% @ 1 GeV
EM Calorimeter
0,=06cm @1 GeV 3cm @1 GeV
100 ps barrel 180 ps barrel
TOF Detector or =
110 ps endcap 350 ps endcap
pt Counters 9 layers 3 layers
Magnet 1.0 Tesla 0.4 Tesla




First collision event on July 19, 2008

10 years anniversary of BEPCII/BESIII !




World largest data sample directly collected in the
tau-charm region
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Physics accomplishments

t mass measurement (BES+BESIII)
R value measurement (BESII)
Charm physics (BESII+BESIIT)
Exotic hadrons (BESII+BESIII)



T mass measurement



T MAass measurement
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universality



sal for T mass measurement
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First T events

BES RECORD: 2257 ,RUN: 2536,CM ENERGY: 3.5678

TRACK 1 ELECTRON-
PX. 0.479 PY 0346
PZ 0.197 P : 0.623
TRACK 2 ELECTRCU+
PX. 0817 PY —0.220
PZ -0325 P : 0.226
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Tmass: ep events only

L

t Lifetime (103 g)

3.2
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T

w/2 A L N
Scan point (MeV) (MeV) (nb™") (eu event
1 1784.19 1.34 245.8 2
2 1780.99 1.33 248.9 l
3 1772.09 1.36 232.8 0
4 1776.57 1.37 323.0 0
5 1778.49 1.44 3225 2
6 1775.95 1.43 296.9 0
7 1776.75 1.47 384.0 0
8 1776.98 1.47 360.8 |
9 1776.45 1.44 794.1 0
10 1776.62 1.40 1109.1 1
11 1799.51 1.44 499.7 5
12 1789.55 1.43 250.0 2
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@ 7.2 MeV below the PDG average

@ Deviation from the lepton universality
is reduced from 2.4 to 1.7 standard deviations



T mass: ep +other events

Scan point All final states ee eu eh pup wph hh
1 .9 2 3 2 2
2 7 2 3 1 1
3 0
4 0 .
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@ Lepton universality !
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T Mass measurement at BSSIII

2-0_ L L I
[ ARGUS 1776.302% = PDG1992
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J/w 3088.7 785+ 1.9 280, L '
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3098.3 2235+3.2
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3553.8 5566.7 +22.8
3561.1 3889.2+ 179
3600.2 9553.0 +33.8
y' 3675.9 787.0 £ 7.2
3683.7 823.1+74
3685.1 8324 +7.5
3686.3 1184.3 +9.1
3687.6 1660.7 = 11.0
3688.8 767.7T+£7.2

3693.5 1470.8 = 10.3




R value measurement



R value measurement at BESII
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R value measurement at BESII

Needed to improve precision of a(M?z):
> Uncertainties in a introduced when it is extrapolated fo the Z-pole:

ap
a(’) = 1—Aa(g?)

Aa(q?) = Aay(g?) +Ala(e?) + Aropale?)
> Dominant uncertainty due to hadronic vacuum polarization.
> This is determined from R values using a dispersion relation

oo

as Rpaa(s’
Aany(s) =—2— P / ) 4y
4dm:z = 1/o= 128.80
— 1/a= 128,88£0.09
, jgp]1a=12898 \‘\
> my is sensitive to a(M<) 7
5w i S'aoM,)) 5 o
2.1-5GeV 3 @ /
Nl g1 | /
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1604 -
Preliminary
‘ L0-20 GeV 2 3
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Even‘rs Recorded by BESII
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R value measurement at BESII

PRL84, 594 (2000), PRL88, 101802 (2002), PLB677, 239 (2009)

6 . A CrystalBall
- O Gamma2
- [ Markl
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| ¢ BES (2000) ' :
| % BES (2002) o ||
4 @ BES (2009) AT %
QJ i {;lv!l WA C
2 4 2 Ili18 - 4
S3t |
e % Lo |
N *ll | [
2 M|
i H H% H Year E |Pts| Single |Separated|Time Spent
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i 1998 [26-50] 6 1 6 40
! 1999 [2.0-48]85 7 24 105
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2 3 4 5
Ecm (GeV)

@ 2004: State Natural Science Award



R below 10 GeV

BES reduces R errors from 15 - 20 % to an average of 6%
in the 2 - 5 GeV region. Important region!

TT T[T T T T [T T T T[T T T T [T TT T[T y§grr

7 P, P W¥'s Y's
U B L | M AL R IR BRI R BRI ELE IR B R

Burkhardt, Pietrzyk 'S5

Before BES R Scan After BES R Scan



Impact on a (M,%) and Higgs mass

1995 before BES R data
a(i’)™" =128.890 + 0. 090 m, = 627 GeV, m, < 170 GeV
2001 with BES R data
a(M2) ™" =128.936+0.046 m, = 98.GeV, m, < 212 GeV
o - 2 ol %;5 6
¥ ; T 7/ D - In 2004 with new top mass
. N R | ey m, =114*%GeV
=" . )
=== /// 4+ 4 ¥ m, <260 GeV
= _
25;5 */r“/r ik 2‘.
& 1010 1" . ] Nucl.Phys.Proc.Suppl. 131 (2004) 97
b - Excluded ., e Preliminary
T T mmggs[Gevs]OO %20 10 400 y



R value measurement at BESIII

6 A CrystalBall
- O Gamma2
O Markl
5_ g7 Pluto
| ¢ BES (2000)
. % BES (2002)
4 @ BES(2009)
o |
= [ ? BeSII
©
>3
e % ! % L
2 ﬁ% W il
1; . .
" Control of systematic errors very important!
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\ Ecm (GeV) I
|

2014-2015: ~1.5fb! (130 points) for R &QCD

32



Charm physics



Observation of non-D D decays of y(3770)
Y(3770) = 7w~ J /9

I

- PLB 605 (2005) 63

Events/(10 MeV/cz)
)
a
L |
|

N

o
LI B B B
——

|

J/y > e+e-

-y
(4}

10 |

3 3.1 32 33
Fitted mass (GeV/cz)

B(w(3770) > n+n-J/y ) = (0.34+0.14+0.09)%

@ 2010: State Natural Science Award
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Events / 4 MeV

D(,)*-) I'v at BESI/II

" 2
G2f2
F(DE s ) = — POy e, (1o T
(s) L) = S cd(s) [ D(S) mQD X
vV (s)

22.3 pb-! at 4.03 GeV 22.3 pb' at 4.03 GeV 33 pb™ around y(3770)
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251 cup > 550 MeVie g 1 0.7 [ | | P S
0 N | | H o -olz :1 ‘ofz 0!4 ofs
18 185 19 195 2 Uniss (GeY)
D, Candidate Mass (GeV)
PRL74(1995)4599 PLB429(1998)188 PLB610(2005)183

~130-40

£, = (43075040 MeV S = (3007 15550) MeV fr = (71515 £25) MeV



Number of Events

D*-I'v at BESIII

2.93 fbl data@ 3.773 GeV

PRD89(2014)051104R
—O—Data IlllIlllllllll]lllllllll]lllllllI
10°s (&2
3 GLEOC 200.0:9.3:26
et — PRD78(2008)052003 ~ <U9-U£dz2.
L Other D decays T
L
B 1on-DD processes . )
p. L BESI (29 ) 2032453618 et
409%21 L PRD89(2014)051104R) <"
BESIII (20+2.9 fb)
Expected 203.2+1.9+1.8 e
HPQCD
PRD8G(2012)054510 ~ 208.3:3.4
Fermilab Lattice + MILC .0
PRD0(2014)074509 2128204,

lllIIlIllIllIIIllllI]lllIllllllll

: : 160 170 180 190 200 210
[GeVic" fo+ (MeV)

M2

miss

fp+=(203.2+5.3+1.8) MeV |V a|=0.22101+0.0058+0.0047
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D*-I'v at BESIII

o Eemc € 300 MeV Eemc > 300 MeV
- w0 oK - mm 0 oK
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- The signal component (orange) includes
D* = t*(— nt* Vi)vc and D* — t¥(— the rest)v:

4c B[D*>1+v]=(1.20+0.24,, )10

2 2
I(D* — 7ty) Mo (1 - ME_) SM prediction: 2.66

2
My (1 - M‘s—) BESIII: 3.2110.64
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Events /( 0.01 (GeV/c?? )

0.48 fb-' data@4.01 GeV

Ds*=2I'v at BESIII

PRD94(2016)072004

Mg signal region!
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Test fo2¢0) (q2)
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Comparisons of fo>X®) (0)

- D"—>We*‘veI .
_5%\ —e— Data ]
- — — Single Pole Model
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HPQCD 0.747:0.0110.015

BESII 0.78:0.0420.03
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Belle 0.695:0.0070.022 ——

D'~ Ke'v, D'~ Ku'v,

BABAR 0.727+0.0070.009

D= Ke'v,

CLEO-c 0.739:0.007=0.005

D"~ Ke', D'=Ke',

BESIII 0.7368+0.0026+0.0036

D'~ Ke',

BESIII 0.748:0.007+0.012

D'—=Kle'v,

This work ~ 0.7246:0.0041=0.0115

D'— K;e'v!

IIlIlIIIIlIIIIIlIIlII lllllll

{(0)

IR (R 6L LR P LD LA B [RLT )

HPQCD  0.66620.02:0.021

| BRI L L ML

BESII

D°— e'y,

0.7320.14+0.06

Belle 0.62420.02+0.003

0 . -
D'—xe'v, o uv,

BABAR

D’—xe'y,

0.61£0.02+0.005 ==t

CLEO-c 0.666+0.019:0.005

D'—xe'v, D'— ni'e’\'«

BESIII

0 o
D'—=xe'y,

0.6372+0.008+0.0044

This work 0.6216+0.011520.0035 ===
D'—= s’y 2

TS NS A A A [ MW W N

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
f3(0)
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=
Comparisons of |V gl
= Leptonic decays o)+ Veaes)l ﬁ IVeaes)l
= Semilepton decays f0>K® (0)|V g4 — 1V esqa)l

I|IIIIIIIII||\II||III|||II|||
CKMFitter 0973434000015 '
H 0.22010.005 PDG2016
DELPH W' 09440324013 e
| CLEO/BELL/BABR/BESII D' KT, 0975200070025 o «——Taken from
ol paziegieient SRR csisulaion GE0 ety omsasaney = | PDG, and the
CLEO o, 100040.05240.001  wem SL method
H ozzsieomereone megeo earcuration OO T, 1006008 - | Suffers about
BABR CEVIANTY,  0956:0.036H0056 == 2.4% error
H o ez sz ouy BELL  ClEVTANTATN 102500192009 from LQCD
BESII@4.009 v, T(xT)v, 0.94410.063:0.027 ==
H 0.2155+0.0027+0.0095 BESIII (D’ e*v) CLEO .U\ 1.007+0.04010.018 -
PRD92 (2015) 072012 . ;
BABR i, 1040:0.03340.031
~e' 0.206+0.007+0.009 BaBar (D% etv) BELL U*\' 0.97610.02610.021 -
- PRD91 (2015) 052022 BES|||@4 78
I T I B preliminary W 057e0.0140006 9
02 03 04 05 06 07 I||III|]III|I1II|IIII|IIII|II

15 4 05 0 05
Vedl Vv,

]

f,D>K()(0): precision depends on LQCD [2.4(4.4)%] ..



BESIII's contribution to IV,:,(,)

B BES-ID ) | ey IV J-0.214:£ 0.003: 0,009 (PDG20T)
[ BESHI(D™>merv) | o WV, IV J=0.219 £0.005:: 0003 (PDG2016)
Bl CLEOc(D'opy) | v IV J-0.280:+ 0011 (PDG2016)

CLEO-c:(D™—n%,
[ ( J Weight Average: |V_|=0.220 £ 0.005 (PDG2016)

B Bele:(’-me,)

[ BaBar(D'>e,) o

[ neutrino-scattering tg
N
\

I BESIQ@4.178 prefiminary:(D/-"V,)
[ BELL: (D v,

I BAGR(0: )

] CLEO; 10'—w )

B BESIIQ 0030 T
[ BELLY D-n’(evv‘,u\ TN
[ BAGR: (n‘—m(e WA T
I CLEO: (n w(m )
[ 10 T )

[ CLEO: (D e’y V)v )

. CLEOIBELLIBABRIBESIII (D"(HKTV,)

I DELPHIW -8

leptonic D decay: [V, |<1.008:0.021 (PDG2016)
semileptonic D decay: V. [=0.97540.007:0.025 (PDG2016)

average of the determinations from leptonic and semileptonic:

IV J20305:0.016 (PDG01S)

W decays: [V_(=0.94"40.43 (PDG2016)
o 2%

After combining D*>1t*v |V¢|, the weight of BESIII will be greater than 50%
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Charm baryons before 2014

(a) Charmed baryons
3.1 ? Z0(3080) 08
¥
AKn
] ? =¢(2980) -
2Ac(2940) /‘
pD/ R Zdn AR
- KT
29 /5/2*/\ 880) ¢ L 06
9 pD l JEC (2800) 3/2‘2 QBIS)
o] A T 3 Qc(2770)
=c(27p0) — =
iy
=} +
: 2.7 | nl o i
§ _Ac(2625) g
3 2y f =264
R A
: [ 52
T Ec(2R20) v
25— -
- 2 —0.2
nn i 12 ——
- R i i
//
23 gy ﬁ% SHESSEEEL o — - - - — ... ] —0.0

Mass above baseline (GeV)

> A¢t was observed in 1979

> All decays of A.* were measured with
high energy data and relative to pK-p*,
which suffers an error of 25%. No
absolute measurement using threshold
A" data

> Only about 60% decays are known

Scale factor/ P
A: DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Hadronic modes with a p: S = —1 final states
pKO° (23 + 06)% 873
pK—xt [a] (50 + 1.3)% 823
pK*(892)° [B] (1.6 + 05)% 685
A(1232)*F K= (86 + 3.0)x10"3 710
A(1520) 7+ [b] (1.8 + 0.6 )% 627
p K~ 7+ nonresonant (28 + 08)% 823
pKO 70 (33 +10)% 823
pK%y (12 + 04)% 568

Systematic studies of A", search for new decays, absolute BF
measurements are important to explore A.* decay mechanisms*



A, hadronic decays ..

3000%
2000%
1000

0

- s
S0F
BESIII, PRL116(2016)052001 DT:~1000 ..
ST: ~15000 . 0
: S
0 g g 2 C
K. pKr oK' § 5
3 o
2 0
4 a
o

Events/ 2.0 eV /2

0

[T R

Il

[

Il

Ll

o

lllllllll‘

226 218

23 226

28
My (GeVIEh

23 226

228

23

b
15F
10;_ PK(;W g Tl g o ~
i : :

226 228 23 226 228

l ) I —
23 226 2R

23

Much better precision Mg (GeVic)
Mode This work (%) PDG (%)
ng 152 £0.08 & 0.03 1.15+£0.30
pK nt 584 +£0.274+0.23 50£13
ngﬂO 1.87 £0.13 £ 0.05 1.65 + 0.50
ngﬂ+72'_ 153 £0.11 + 0.0 1.30£0.35
pK ntn® 453 +£0.234+ 030 34410
Axt 1.24 +0.07 £ 0.03 1.07 £ 0.28
Axta® 7.01 £0.37+£0.19 36+13
Axtznt 381 +£0244+0.18 2.6+07
S0z + 1.27 £0.08 & 0.03 1.05+0.28
=ta0 1.18 £0.10 £ 0.03 1.00 £ 0.34
Strte 4254024 £0.20 3610
Stw 1.56 +0.20 + 0.07 27410




First measurement of A .‘2Al*v

Calibrate theoretical calculations: (1.4-9.2)%

Theoretical Models

predicated branching fraction for AZ — A=t

MBM [1]

1.9%

BESIII,PRL115(2015)221845)

=
O 10F
S - r .
=
() 1
>y
=
=10 f

-0.2 -0.1 (o] 0.1 0.2

Urniss (GeV)

B[A 2> Aev]=(3.631£0.3810.20)%
3 fb! data help to explore FF studies

NRQM [1] 2.6%
SU(4)-symmetry limit [2]|2.2%
RSQM [3] 4.4%
QCM [4] 5.62%
SQM [5] 1.06%
NRQM?2 [6] 2.15%
NRQMS [7] 1.42%

QCD SR1 [8]

(3.0 +0.9)%

QCD SR.2 [9]

(2.6 +0.4)%

QCD SR.3 [9]

(5.8 +1.5)%

- 30~ BESIII, PLB767 (2017)42(b)
&
— 201
=
=_
£ 10
=
2
= 1
-0.2 -0.1 0 0.1 0.2

Uniss (GeV)

B[A D ARV, |=(3.49+0.46+0.26)%

STSR [10] 2.22% for AT — Alteg
STNR [10] 1.58% for At — Altuy
HOSR [10] 4.72% for AT — Altg
HONR [10] 4.0 for AT — Altoy
LCSRs [11] {(3.0£0.3)% for AT — Aite; (CZ-type)
PDC 2014 [14] (2.1 +0.6)%
BESIII {3.63 +£0.38 £ 0.20)%
0'20 ! I I I I I
—~
7
- i
D 0.15
O
n —A. = ANefy,
2 0.10
e, --AN.—=Apty,
S—

PRL 118, 082001 (2017)

| 1 | | | |

CIAFD ARV ITA DAty J= 0.96+0.1610.04

0.2 0.4 0.6 0.8 1.0 1.2
¢ (GeVQ)




Larger threshold A;

BESIIl open a new window to study
Atdecays

o(nb)

&Y g SeNIOF R

(hinese Acadamy of Science

data at BESIII

PRL 101, 172001 (2008) [Belle Collabor
0.567fh~! ATA-0©4.6 GeV

0.6 .
Pl collected with BESIII

0.4

0.2

o_--fﬁ.:--:.--H@}_ﬁijljrﬁj.[ﬁ_:J_f_+_J[JBl.J[+ﬂHi{r

LN L U R B B B

ation]

45 647 a8 49 5 sl 52 53 54
Latest Issue \ Archive\ Jobs ] Links\ Buyer's guide \White papers\ Events\ Contact us M(AT AD) GeV/c?
=

I I
REGISTER NOW CERN COURIER DIGITAL EDITION
Register as a member of Mar 18, 2016 CERN Courier is now
cerncourier.comand get ful - BES|II makes first direct measurement of the A, at 2Vaibe & a regur
access to all features of the site. ¢k rachold digital edition. Click here
Registration is free. to read the digital edition.

The charmed baryon, A, was \ g

A —

I fifst observed at Fermilab in
LATEST CERN COURIER 1976. Now, 40 years later, the i —
ARTICLES .o, Tk Tk

Beijing Spectrometer (BESII) § W J A N I S
JelE LS experiment at the Beijing : ;m

() iy 3 cS}m
» The bngest proof Electron-Positron Colider I o e o &
» Electron-fole colider (BEPCI) has measured the ~ Beam-constrained mass distribution
» Imaging with muons absolute branching fraction of
oinile 46

» Towards a nudar clock N ¢~ pKm" at threshold for the first time.




Exotic hadrons



Conventional & Exotic hadrons

.

@ Quark Model )

J

baryon meson

@ QCD allows for hadrons beyond Quark Model

® & @

dibaryon Pentaquark tetraquark

S ® °*

hybrid glueball molecule




Events/0.005 GeV/c?

Threshold enhancement in J/y - yp p

J/y—vpp
fitted peak Ié)cation | 4
M = 18595, MeV/c® |

I < 30 MeV/c? (90% CL) -

150

T | T T T T

700
600

L

il PRIG1D22668) 2003 2 500
I 2 400
________ fuh 3 = 300
X +# + .............................................................. E 200
,:"‘\\acceptance § 100
/ background 8a) 0

-0.10 O.OOmpB_zm(:).1(()Gev/Cz)0.2O 0.30 O O

M _-2m,(GeV/c?)
M = 1859:;30 o MeVie? PP P

T <30 MeV/c2 (90% CL)

Baryonium ?? New decay modes ?



Observation of X(1835) at BESII

The n*nn' mass spectrum for 1’
J/\|I—)’YTC+TC-1]' dEf:aying into n'->n*tn and n'— yp

200

“o
/X(l83 S) > 40
S 30
) 3
N(\_) 150 - é 0
% 5 10
= & "
S L
T 100 2
CD —
= M = 1833.746.142.7 MeV/c? >
LUl 2
- )
o 50 I =67.7+20.3 +7.7 MeV g
w
=
L
=
L

0 ' | 1 ] 1 | - ] 1 | - ] ' | 1 1
1.5 175 2 2256 258 275 S 1.5 2 2.5 3

3 2 .
M(x"nm’) (GeVic) M) (GeVic?)

X(1835) same as p p mass threshold enhancement?

@ 2004: State Natural Science Award PRL95, 262001 (2005)



Confirmation of X(1835) at BESIII

- . X(1835) in
500 j— X<1835) ‘ T/ y—yly &+ &
No - N -
= 400 F
(D] B
< - LT
s 300p
S - .
> 200 | -

S N ) .
% 100 PR e
Z 1___:

e >
..............

0
14 16 18 20 22 24 26 28
M(rttrn’ )(GeV/c?)

Resonance M( MeV/c?) I'( MeV/c?) Stat.Sig.
X(1835) 1836.5+3.036 190.1+9.0+38 >200
X(2120) 2122.42|:6.7+4'7_2.7 83Z|:16+31_11 720

X(2370)  2376.3+8.7+32,, 83+17+44 6.40




Observation of X(1840) in J/y—>y3(n*n")

9
o

No 300 |_| | T T 1 | 1T T 1 | 1T T 1 | 1T T | 1T 1T | 1
> | [m=1842.214.2 71,, MeV/c?

=250 |r = 83:14:11MeV

o - -
=200} -
® F  PRD 88, 091502 (2013) -
2 150 ]
& :
w100 —

-
"
- g
.....
------

a bl

16 17 18 19 2 21
M(3(m*r’)) (GeV/c?)

o

@ Mass is consistent with that of X(1835), but the
width is much smaller than rx(1835) :190.1i9.0+38_36 MeV
@ A new decay modes of X(1835)?
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Observation of X(1835) in J/y—YyKsKsn

Phys.Rev.Lett. 115 091803(2015)

L85G m, =140 ]
S 700 iII\)II%;aprojection_;
% 605 B Background PWA for M(KSKS)< 1.1 GEV/CZ
o ---- X(1835) ]
) S0F . )I§§11a536eol;pace E
S 40 1 O X(1835)->KKn
2 %0, 1 M=1844£9%32 Mev/c?
o 20 =
_ : _1a~+20 462
TRUN Wy g, 1 5192217 243 MeV
06 18 2.0 22 24 26 2.

8

Myoo, (GeV/c?) JPC=0"

@ X(1560) - f,(980)n: JPc=0"*

M=1565i8fg3 MeV/c? Consistent with X(1835) observed

414 +21 in .l/ll.’ — vn*n‘n'!
I'—45_13 -28 MeV

n(1405) / n(1475) within 2.0 o
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Latest result on X(1835) from J/y—yn'n*n-

Faltte formula Two BWs
2500IIII|II|||||||||||||||||||IIEI|IIII||||||||||||| 2500_|||||||||IIIIllllI|IIII|III§|IIII|IIII|IIII|II_
i T L L B R R R , ] B [re R T —+— Data —
- L H g H —— N i
[ 1600 $ 1 oo ] - 16001 . —Global Fit -
L] ] i .- (1510) ] sooo b L - 1(1510) -
2000 |— i ---X(1835) | 1400} P X(1835)+X(1870}]
| 1400r — X(1920) l - L ——-X(2120) .
i [ - X(2120) 1~ B - { — Non-Resonant ]|
< | 1200} i — Non-Resonant [ "© - 1200 i [ Background ]
H — H
% 1500 |00l : pp threshold | s | 1000 : i ]
B _| PR RRTRTTE PRI SRR | ] o B I — ,I e ,I B N
= B 18 1.85 1.9 1 = = e 18 e .
- | 4 - B i
— )]
B 71 = 1000 —
£ 1000 |- S I
2 I i [
o 7. 042002(2016)
B 500 |~
500 |~ =
i ; 0 o
0 = - 13 14 15 16 1.7 18 19 2 21 22
1.3 14 15 16 1.7 18 19 2 21 22 M[]‘]’R+Tt_] (GEVI'CQ)

MnW7*r] (GeV/c?)

= +17.2 2
M=1638.2+121.9 *127.8_,., . MeV/c? M;=1825.3+2 .4 2.4 MeV/c

= +4.6
0% = 93.7+35.4 *47:6_43 5 GeV/c? i & B 80 Tl WY

G 5 /g% = 2.31:0.37 +0.83 4 ¢, M,=1870.2+2.2 +2:3 5, MeV/c?
r; = 13.0£6.1 *2.1_3 4 MeV

existence of a structure strongly coupling top p! .,




2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

X(3872)
X(3872)
X(3915) [as Y(3940)]

Y(4260}
Yc2(2P) [as Z(3930)]
Y(4260)

X(3940), Y(4008), Y(4660)
Y(4360)

Y(4360)

X(3915) [as Y(3940)]
X(3940)

Z+(4050), X(4160), Z*(4250),
Z+(4430), X(4630)

Y(4140)

X(3915), X(4350), Y,,(10888)
Yc2(2P) [as Z(3930)]
Y(4274)

X(3915)

Z,*(10610)

Z,*(10650)

X(3823), ,°(10610)
Zc*é3900;, Z.*(4020)
Z:+(3900

Z.%(3900)

Z.9(4020)

Y(4140)

Y(4274)

Y(4660)

Z,.+(4020)

Z+(4200)

Z+(4240)

Z+(4430)

X(3823), Z.%(3900), Z.°(4020)
Z.+(4055)

Y(4230)

P.*(4380), P.*(4450)
Y,,(10880)

X*(5568)

X*(5568)

Y(4140), Y(4274)

X(4500), X(4700)

Observed Confirmed

Belle

Belle
BESIII

CLEO-c
BESIII

BESIII
Belle

BESIII
LHCb

DO

Y (4260)




Events / 0.01 GeV/c?
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o

IITITTT[IIIIIIIII

o

Observation of Zc(3900) in e*e- —> wn*n-J/Y

BESIII

: 525pb'@4.26 GeV

N
o

Significance

>8c

3.7

4 Data

— Total fit

«=«= Background fit

== PHSP MC

3.8 3.9 4.0
Minax (M) (GeV/c?)

PRL110, 252001 (2013)

* M=3899.01+3.6+4.9 MeV
e I'=461+10+20 MeV

Confirmed by Belle and CLEOc: established!

EVENTS / 0.02 GeV/c?

EVENTS /0.02 GeV/c?

PWA indicates JP=1*
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Physics

spotlighting exceptional research

\h_’ -

Home About Browse APS Journals

Notes from the Editors: Highlights of the Year

Published December 30, 2013 | Physics 6, 139 (2013) | DOI: 10.1103/Physics.6.139
Physics looks back at the standout stories of 2013.

As 2013 draws to a close, we look back on the research covered in Physics that
really made waves in and beyond the physics community. In thinking about
which stories to highlight, we considered a combination of factors: popularity on
the website, a clear element of surprise or discovery, or signs that the work
could lead to better technology. On behalf of the Physics staff, we wish
everyone an excellent New Year.

— Matteo Rini and Jessica Thomas

Four-Quark Matter Images from popular Physics stories in 2013.

Quarks come in twos and threes—or so nearly every experiment has told us. This summer, the BESIII Collaboration in China and the
Belle Collaboration in Japan reported they had sorted through the debris of high-energy electron-positron collisions and seen a mysterious
particle that appeared to contain four quarks. Though other explanations for the nature of the particle, dubbed Z.(3900), are possible, the
“tetraquark” interpretation may be gaining traction: BESIII has since seen a series of other particles that appear to contain four quarks.




Events / 0.01 GeV/c?

Events/(10 MeV/@)
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Zc(3900), Zc(4020)
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Observed in different processes
Z.(3900): J? favors 1*

Strongly coupling DD* D*D*
Molecule states ?

Two isospin triplets established !

e*e->n- (D* D*)*

80F
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PRL110, 252001 (2013)
PRL115, 112003 (2015)
PRL111, 242001 (2013)
PRL113, 212002 (2014)
PRL112, 022001 (2014)
PRL115, 222002 (2015)
PRL112, 132001 (2014)
PRL115, 182002 (2015)

PRL119, 072001 (2017)
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Zc(4030) in ete” » "~ (3686)

PRD96,032004(2017)
o =da16Gev NP
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Phys Rev. D 91, 112007 (2015)

M, [T (25)] (GeV/c?)

Mass = (4054 + 3 +1) MeV/c?

Width = (45+11+6) MeV

59



Events/0.010 GeV

counts/(0.02 GeV/c?)
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X(3872) decays

pJ /vy (oJ'/\p

Vs

DD*

@ Properties
M-M(D° D*©)=0.01+0.18 MeV
I<1.2 MeV I=0, JPe=1*

o I=0, JPe=1+

@ Production
B decays, hadron collisions,

Y(4260) decays?, muonproduction?

Named y1(3872) in PD62018
Strongly coupling to DD*

B(X(3872) — ¥ (2S)y)
B(X(3872) — JAby)

X(3872) is not a pure molecule

Mixing of yx.1(2P) and molecule ?

= 2.46 = 0.64 = 0.29
LHCb, NPB886,665(2014)
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Suggestive of Y(4260)->yX(3872)



Y(4260)
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PRL95, 142001 (2005)

101

Events / 20 MeV/c?
8
[

%]
(=
U I T 1

LN I B S B B

E'i: .u L 7]
10!1 """m’l" it u' ""ﬂ'l i " '3 -
AL ALY LR

’} L ¥ ¥ S R R R W R

9% 12 24 26 48 s
m(mtrtI/y) (GeV/c?)
100 150
= I —+- XYZ BESIT = | —+ Scan l BESII
. , PRL118,092001 . PRL118,092001
2 80r —Fitl S b —Fi ]
2 b --Fitll | 2 f i
‘B i ! ‘e
+|-_' [ *i__, i |
T 4or T s0f ;
o I o - N A
+ B + - :
2 20f \ S ‘ 2 ¢t IHH
© : * © B ] r
[ ok :
0 1 1 L M " 1 1 L M 1 L 1 M 1 1 L 1 1 L 1 M 1 " M 1 L
3.8 4 4.2 4.4 4.6 4.6
Is (GeV)

A shoulder around 4.3 GeV is observed (7.9c). A new state?

Fit results: Y(4220) and Y(4360)



Cross Section (pb)
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v' Line-shapes are different from that of n*n-J/y

v' Both Y(4220) and Y(4360) seem significant
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Upgrades on BEPCII/BESIII

Beam energy

@ Ebeam =2.3-2>2.35GeV in 2019

@ Ebeam = 2.35>2.45 GeV in 2020-21, change
ISPB(Interaction region SePtum Bending) magnet

Top-up injection
@ Data taking efficiency increases by 20-30%
Inner tracker 2 CGEM inner tracker

@ Construction by Italian group

@ Will be shipped to IHEP this summer, installation in
summer 2019

Super conducting magnet

@ New valve box of SC magnet
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Summary

30 (10) years anniversary of BEPC(II)/BES(III)

@ 1988: First collision at BEPC/BES
@ 2008: First collision at BEPCII/BESIII

Lots of important results were achieved

@ Mass measurement

@ R-value measurement
@ Charm physics

@ Exotic hadrons
Q

Competitions from LHCb, BelleII

Will continue to play an vital role in fau-charm physics



Summary

More important results are expected from BESTIT |
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