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BESII Outline

* Introduction

* Recent (selected) results
—Hadron spectroscopy and exotics
—Charmed hadron decays
—Charmed baryon form factor

* Prospects and Summary
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BESIII Detector

Ri : 63 ;
inner: 63mm ; Crystals: 28 cm(15 X,)

c0s0|<0.83

R outer: 810mm
Length: 2582 mm
Layers: 43

Barrel:

Endcap:
0.85 <|cosB| < 0.93

RPC MUC TOF

BTOF: two layers
ETOF: 48 crys. for each

BMUC: 9 layers — 72 modules
EMUC: 8 layers — 64 modules
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BESII

Physics at tau-charm Energy Region

0

- BES<S » PRL Sa4(2000) 59 AN
- BES ., PR L 88(2002)1 01 802 :
}- S I (] Garrlnr‘;.‘_lz
c — Narkd
8 1...._.4 - - P luto
o =
fes] +
i e 4?‘3 =
™ + B4 %
(3} +(1J = F ++ %
+ >0
Lz tt ! -
p © T T TTTT T T T
I hreshold r  =End 2 - £1o
m L

=

* Hadron form factors

* Y(2175) resonance

* Mutltiquark states
with s quark, Zs

* MLLA/LPHD and QCD

sum rule predictions

* Light hadron spectroscopy
* Gluonic and exotic states

* Process of LFV and CPV

* Rare and forbidden decays
* Physics with T lepton
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BESIT
BESIII data samples
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BESII

Publications
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In total, we have submitted 221 papers out in 9 years.
Expect the same pace in the coming years.
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BESII

Hadron spectroscopy and exotics
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BESII New forms of hadrons

B Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model.
meson ,!! baryon

B QCD predicts the new forms of hadrons:
e Multi-quark states : Number of quarks >=— 4

0 o
@ g
* Hybrids: qqg, qqqg..
e Glueballs: gg, ggg.. g % g

None of the new forms of hadrons is settled !

Sep. 15, 2018, Ji'Nan
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BESII

Two-body
Thresholds

Molecules

Gluonic
Excitation

qq
Mesons

Hadron Landscape

Afs AR
s EcEe
i o ma
dag,u:l?g,sgg ¢ty
ggg, 99
A RS Charmonium
Tr! TI: (‘0! (I),
p,fa,h K Jhy, 3, w(29)
LEAR| BESIII |
[ T : I | o : I
Mass [GeV/c?]

Hadron-physics challenges:

« Understanding of
established states:
precision spectroscopy

« Nature of exotic states:
search and spectroscopy of
unexpected states

At BESIII, two golden measures to study hadron spectroscopy, esp., to search for exotics
* Light hadrons: charmonium radiative decays (act as spin filter)
* Heavy hadrons: direct production, radiative and hadronic transitions

Sep. 15, 2018, Ji'Nan
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BESII

The X(3872)

ete- —> yX(3872) with X(3872) — wtr-J/

« BESIII previously observed: [BESIIL, PRL 112, 092001 (2014)]
ete” -» yX(3872),X(3872) » ntn~] /¢ N

* The above process is dominated with r + Data ‘
P/ o - Beckground |

« Any more Isospin-violating decays? 2 o ]

- If the X(3872) were the x.;(2P) state of 3 ;
charmonium, T'(X(3872) - & 51 u 1
%x..(1P)) ~ 0.06 keV (i.e. very small) 1 _ l [t
If the X(3872) were a tetraquark state: %’:m T "
['(X(3872) —» myx-1(1P)) should be M JAy) (GeV/c?)
greatly enhanced. 08¢ S+ dam
[Dubynskiy, Voloshin, PRD 77, 014013 (2008)] 0.5 — Y(4260)

- The X(3872) - n%,; decays are 04 I

sensitive to the internal structure of the
X(3872).

08(yX(3872) »yr'mJ/y) (pb)

Ecnm (GeV)
Sep. 15, 2018, Ji'Nan 11



BESII
Observation of X(3872) = myx.1(1P)

9.0 fb-! for 4.15 < Ecm < 4.30 GeV. LT Wiy,
: o S gsb @ J=0
§ _ e'e -y, chWIthch—>y2J/1p E zz% 160'
Q  of SO
0 6%_ Xc1 | @ 1.5_
*2 5— Xco ¥ 1.0 SRR $ !
o - c2 Sl Ll
@ 4 s SN
o S s 5.20
035540 Bas 850 855 360 % of
My, Jhp) [GeV/c?] L
, A3
We measure branching ratios i
Ry =BX — m%cy) / BX — mwrm-J/): e
2 - (c) J=2
Ro<19(90% U .L.) 2 % 1.60
R; =0.88+031_456 +0.14 2 25]
R2<1.0(90% U.L.) & f: [
1.0
The large value for R disfavors the y . (2P) ost | ||
0:97'3_&.1 I T S Pl S e I e

3.80 3.85 3.90 3.95‘ 4.00
M(x°, ) [GeV/c?

interpretation of the X(3872).
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BESII

The Y states

o e*e (yisg) = wta-J/ at BaBar e*e~(yisg) = mwwy(2S) at BaBar e*e (yisg) —> w'mw1(2S) at BaBar and Belle
él"'l"'I"‘I"'l"'l"'l"'l"'l' % -' r .'. — _- N 2(]_|| R - — ]
: > [ -- ; 3 Y(2S) > Iyt 3
L wf § i Y(4360)? 5 VA0 YOO g
E g E 10- 7] 3, 112 events (520 ") é
pt i § L B [1Belle
S AL 9 110 events (673 fb")
o F o [i9] ]
i 0 s E
8 20 | - ‘ \ E
@ -
104 VLl e 7
0.—...|...|...|...|...|..0|...... 545 I e
38 4 42 44 46 48 5SS nQr)ly) Gevic) TMETE
miyrm)(GeVie) m(y(29)1'T)(GeV/c)
FRD 86, 05T102(R) (2012) PRI 98, 212001 (2007) arXiv:1211.6271 and CHARM 2012
e —> i : ete~->mnYP(2S
ce w7 J/p at BESHI (direct) Structure at 4260 is not a 2 1/}( )
100————— PRL118, 092001 (2017) | simple BW, but rather two: ! AR T
5 o +Xxvz R, consistent with the £ 100f e
= | Fit | Y(4260), however narrower | g 8 J* - BaBar
S eof - -Fitl « Ry comparable to the e ‘ } 4
4 ) 8 20F w e
-il-g : -20 E* A*+1
v 2r BESIII confirms the Y(4360) —:23? PRD 96, 032004 (2017)
o . . . . 40 41 42 43 44 45 46
3.8 4 4.2 4.4 4.6 Is (GeV)

\'s (GeV)
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BESII

ete"—>mm h, Ccross sections

—e— Belle: t" J/y
—e— BESIII: w*ih,
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-« BESIII: R-scan data sample
= BESIII: XYZ data sample
—Fit curve: Total
Fit curve: Y(4220)
- Fit curve: Y(4390)
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significant two structures

Eq(GeV)

ete™ > t¥DOD* cross sections

Red circle is the result of e*e- 2> n*D°D*- I
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BESTI The Zc Family at BESIII

Zc(3900)*? Z¢(3900)°? 7c(4020)*? Zc(4020)0?

PRL 110, 252001 (2013)  PRL 115, 112003 (2015) - PRL 111, 242001(2013) PRL113,212002 (2014)
’%’ ; I ;1:: Preliminary $, .;: L
3 o 8" ‘ g, ug Egéiﬁ %
§ 80 f :': i) % ‘ ? s *
a 40 e iy 1 “Ive ® ~ 1 AR "El 39 48 al %
§ ’ L gy | » P . EEEETNTETS §
g 20 i )
0 9% 3.8 4.0 2 TR -,
37 Mmm ):(1& wc’)m M(RJ/Y) (GeV/E) ol B W - ”j“:;..l :"& vy o
ete™ 5 - atJ/w ete™ — monOU/ ete™ =t~ nthe. ete™ — m971°h.

Zc(3885)*? Zc(3885)9? Zc(4025)*? Zc(4025)9?
ST: PRL 112, 022001(2014)

PRL 115,222002 (2015)  PRL 112, 132001 (2014) PRL115, 182002 (2015)
DT: PRD92, 092006 (2015) M = - comn.BKG  —+-deta G T ]
E —:::: Fit 2 PHSF sicnal 'a:'e) zo: H ) ) - *:
gso :.Incl Bkg gw: mws @ : b _I_J[ } ]
§4o e a . 10|~ + “’““‘a‘-n‘i%;&e —
. § 20f B
o ET) a5 _ 406 41 45 0 3; 39 395 7‘7 " 405 5 4.02 4.04 406 | 4ce o 4.64 v 4TOGRM("0)($€1V/CE)
M(‘DﬁD’ ) M(DD*) (GeVi/c?) RM(T) (GeVic®)
_ +,— 0rp*p*\0
ete~ — n~ (DD*)* efe” >m'(D'D )° ete~ — 7w~ (D*D*)* ere »m (DD

Which 1s the nature of these states?
Different decay channels of the same observed states? Other decay modes?

Sep. 15, 2018, Ji'Nan 15



BESIT Amplitude analysis of e'e” 27 wJ/Y

PRL 119.072001 (2017)

J /i mt wt
Y (4260) / . Y (4260) / + Y (4260)
- T i .: ‘T_
T J/ J /b

In the processe’e >y > n'nJ/y

® The helicity value of y is taken as ., = +1
due to from e+e- annihination
®y > Zn" Z: > J/yn, wetry J® for X:
0, 1.,1,2°,2", and 0" is not allowed
® Z. and Z_ states are assumed as isospin partner,

with the same mass and coupling constant

® Six proceses are inclued in fitting to data:
5,.f, (980).f,(1270),f,(1370), Z*,and 7' /

Sep. 15, 2018, Ji'Nan 16



BESIT Spin-parity determination of the Z7 (3900)

* Zc line shape parameterized with Flatte-like formula

PRL 119.072001 (2017)

100

1
BW(s) =
_ 2 s / 5
4.23GeV s — M? +i(g1 prysy(s) + 92pD+ D(s))
K : \ 4 o - 1t S-Wav 400
§ 300 £ - S have S + S 350 E 1(152:5)8;\;/‘4)* b g ey
8 250; <o 1(1270) Jhy 4 (a) 8 3005 -»-‘22;1’+c.c. ( ) ~ 350 | | T_+_T
E oz 3 N 5 — Y
S 00f _Zc - , 2 250 = I+ ‘_‘__'____‘ ............. =+=
= : total . 9 ok Z 300 ...
~ 150} o o E g Ervemraarn “ooeasias ST
I - < 150F > DITIII T
= 100 | wn E 250 s
> F + = [ - 100 F —0 .
W Sof re— pd 505 T w2
S : T e . e 1% w E 00f i e (a)
w9z 04 06 08 10 12 ﬁ 43 i
JP=1+ m,., (GeV/c?)
4.26Ge
180F + T F - 1 S-Wave JAy (aV}
160  -—- mx S-Wave Jiy 180 'v:uzvo) i ;
140 --- 1,(1270) Jry a (c) 160 |~ I e ZETHCC ¥ (d) S
120f - Ziwvce, 140 »
100; — total 120 prd
L
S
L

EVENTS / 0.02 GeV/c?

80F
i
dof
20F

EVENTS /0.015 GeV/c

0554 36 38 40 a2
>
My, (GeVic)

Hypothesis A(—2In L) A(ndf) Significance

1T over 0~ 94.0 13 7.60
1t over 1= 158.3 13 10.8¢0
1t over 2= 151.9 13 10.50
1" over 2% 96.0 13 770

Sep. 15, 2018, Ji'Nan

lcos(6 J/w)l

JP is measured to be 1* with
significance larger than 7.60
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BESII

Search for Z 2') - ON,

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

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

Date sets: e e iapdpls
1 : ’
« ~4fbldata set distributed at /s = 1200
4.23,4.26,4.36,4.40,4.60 GeV '1233
Strategy of this analysis: 500 @ 4.23 GeV
e Start with looking for ete™ - n*n~n%,,n,—9 >ooE. BESHIl preliminary

hadronic decays A R A
M(n_—Hadrons) (GeV/c?)

» Strong evidence of

SoE o ~ ofriwE
ete"—> mZ,,Z, > p1,.isobserved [ i S w0
at \/s = 4.23, statistical 120 3
significance is 4.30. (3.90 a0 S
including systematics) p § o
* e'eT—omZ,, Ze - pr,isnotseen 2§.7 38 39 4 A —
in all data sets. Maco - (GeV/C?) Mo (GEV/C?)

e'e o nZ,,Z, - pn, @4.23 GeV
Sep. 15, 2018, Ji'Nan 18



BESTT Evidence for Z. — pn,

. Meas_ur_e Born cross section at 4.23 GeV:
preliminary  gB(e*te~ -» gtm~n'n,) = (46 + 12 + 10 )pb
results oB(ete—>mnZ,,Z. - pn,) = (47+11+11)pb

PLB 746, 194 (2015)
Vs =4.23GeV /s = 4.26 GeV /s = 4.36 GeV |Tetra-quarks-I Tetra-quarks-II Molecule

Ro= g | 21 4+0.8 < 6.4 2307330 0.277949  0.046709%
B(Z; - pn.) \lm‘nary - .
R 3Gy | < 1.9 pre<ie <1.0 661268 0.010+9:906

Dynamical Z, tetraq. Type-| — | Z'c tetraq. (type indep.) — |

1

Molecular Z. — Molecular Z'. —

N 102

1074

ettt bttt tiate 10-6_4 5 =
1 10 100 1000 10 10 10 0.1

RZ RZ '

* R;: not consistent with any of the model calculations

* Rj,: smaller than the calculations based on tetra-quarks model, while

not in contradiction with the molecule model calculation

Sep. 15, 2018, Ji'Nan
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Multiquark
Hybrid
Hadrocharmonium

Molecule
Threshold effects
Cusps

7C 4020) States or/and interactions

Zc(4025)

What is the role of threshold
--Many new observations near thresholds: D*D,D*D*, DD, ...

* Phase variations appear in many process: not unigue for resonance

To have a complete picture, more findings are desired

Energy-dependence _ For XYZ, the picture is still
Patterns in productions and decays /€ properties  unclear

orld-wide

experimental () .

efforts

Sep. 15, 2018, Ji'Nan 20



BESII

Light hadron spectroscopy

«  X(pp)/X(1839)

« X(2370)

 Y(2175) and Zs

e ap(980)-1,(980) mixing



BESII

X(pp)/X(1835)

« X(ppbar) * X(1835)
_ = * First observed by BESII in
An anomalous strong pp threshold sy

enhancement structure which was first
observed by BESII in J/y—ypp

» BESIII confirmed its existence with
much higher significance

— BESIII confirmed its existence with * Spin-parity is not known
much higher significance and PWA * Mass = 1836.5 + 3.075% MeV/c?
(with FSI considered) 1s performed . Width = 190 + 9+38 MeV/c?
e 0t PRL106, 072002
b s
e Mass =1836.5727713 +19 MeV/c? 00

400 |
* Width <76 MeV/c? @ 90% C.L. 300 [
200

100

P Xxizi20) X(2370)

TTTTTT

Events/(0.02Ge V/c?)

.....

1.6 1.8 2.0 22 24 26 28
Mttt )(GeV/c?)

PRL108] 112003 L4

Are they the same state? A pp bound state?

What’s the spin-parity of X(1835)7?
Why their widths are so different?

S

8001 o0z ‘0.23
Mpﬁ-ZmP(GeV/c )

Sep. 15, 2018, Ji'Nan 29



BGS]]I Anomalous line shape of n'mt*rt near pp mass
threshold: connection between X(1835) and X(pp)

X(1835) observed in J/y—yn'ntn” X(pp) observed in J/y—ypp
Phys. Rev. Lett. 106, 072002 (2011) PRL 108, 112003 (2012)
N MiAsasasasssnase PRL 115, 091803 (2015)
_s00f (b) ] : . :
2 40f ] 700 (a)
3 ] ; X(1835) Jre=0-+ X(pp) J*=0"* 2 o f
S 300 F “ > 500
= g Y M= 1844 + 9718 MeV/c? M = 183272 *18 + 19 MeV/c? & 400
3 200 / 8
2 - ~ ] > 300
5 s g — o =13+ 19 MeV/c? S
2 - o o] _ +20+62 2 + 2 200
@ 100F AL 1 T=192297245 MeV/c (<76MeV/c2@90%CL) 5 .
o g E > Eha i -‘--..__-.-__
04 16 18 20 22 24 26 28 N e S b ;
M, -2m,(GeV/c?)
2500_IIIIIIIIIIIIIIllIII]IIIlIIIIIIIIlIIIllIlIIlIl . . . 2500_'||||l|||||||||||||||||l|||| ||||||||I||IIII|I1
[ ————— 4 | Connection is emerging [T T 4w
- B ] :E(I?bal Fit 1 B 'y (I%ftla)':n 1
S - PRL 117, 042002 (2016) el SR B
> [ 1zod % — Non-Resonant > L . \kﬁj‘ﬁ* ;gonl-(ﬁesongnt ]
[)) L B Background | [} B _ac groun 1
2 1500 |— ol : - pp threshold _| E 1500 — [ 3 A pp threshold N
o I et ] = [ L . .
T w Model 1: Model 2: = 0
2 i  Flatte lineshape Coherent sum of X(1835) £ ™[
o I T 1 with strong coupling to pp Breit-Wigner and one :>J’ -
W 500 - and one additional, additional, narrow Breit- 500 |-
i narrow Breit-Wigner at ~ Wigner at ~1870 MeV/c? I
o A ~1920 MeV/c? ob .
13 14 15 16 17 18 19 2 21 22 13 14 15 16 17 18 19 2 21 22
MnT*n] (GeV/c?) MnT*n] (GeV/c?)

The anomalous line shape can be modeled two models with equally good fit quality.
e Suggest the existence of a state, either a broad state with strong couplings to
pp, or a narrow state just below the pp mass threshold

» Support the existence of a pp molecule-like state or bound state
Sep. 15, 2018, Ji'Nan 29



BESII

Jhy—yyd

* First observation of X(1835)—vy¢ PRD97, 051101 (R) (2018)
— Sizeable ss components in X(1835): more complicated than a pure NN state
* First observation of n(1475)—y¢ PLB594, 47 (2004)

— Measured I'(n(1475)—yp)/ T’ (M(1475)—yd) = (11.1£3.5) or (7.5£2.5)
— Theoretical prediction I'(n(1440)—yp)/I'(n(1440)—yd) = 3.8 PRDE7, 014023 (2013)

L —'-—'Dat:a """ : 350 :1_ 1 11 1] ;—'Daté """
e TOMA [ e TOMA
N L e Sk b L Yo
6 = e ow Oy =
> im%ffe;ence > - imeoffeofen:e
8 Wis-combination f 5 8 L e (N Viscombiation of 1o
Y - .
0 5.60 ©  200f 3
2 2 X(1835)
o g3 o 190
Y y N T S :
C : ' w e ow w o w ow W W W W A i aasanasaanaBanualy cC 100: :
0 N 0 - ] 1
W -0 - W sop o 3
:l e 1 0 .-“'":" A‘." " vl IR, [} R ( bl JJ ' L\vl'. - L _.H_‘—E
12 14 16 18 2 22 12 14 16 18 2 22
M(yo) GeVic? M(yo) GeVic?

Sep. 15, 2018, Ji'Nan 24



BESII . .
Observation of X(2370) in J/y—yKKn’

v X(2120) and X(2370) were first observed in Jh\y—yn'n'n

o LQCD predicts the lowest lying 0-* glueball has mass between 2.3-2.6 GeV/c?
o X(2120) and X(2370) are candidates?

v . N I ! ' Spin-parity is not
Combined study of J/y—yK'Km'/yKKn vet determined
o First observation of X(2370) in this process _ mmmmmmme1 _ e
Mass/width are consistent with X(2370) in & =m0 § i
Jy—ym'n' R A 1§
O B [X(237O)_)KKT] ’]/B [X(2370)_)n ’7'[+7'[_] ~ i 282- 2.1 2,; m 25 2.6 27 - 02 21.1 23 23 24 25 2:6 27
1/15 MK Kn)/G{weESIII Preliminarw}*x‘n')/eewcz
. . ORI T sSR!
o A theoretical work predicts T s, T .
Lgokkn/T'¢=0.011 and I'_,,172/T'6=0.090 & e R
for MG =2.37 GeV/c? (PRD 87 054036) I 1§
w . : ‘ox%g&sq“ l ‘ w 12 A . l 3
o No clear signal of X(2120) S TETE L ey
M (MeV/c*) 2343.91 + 6.88(stat.) £ 1.23(sys.)
r (1\10\/) 117.73 + 12.75(stat.) + 4.14(sys.)
B(J/¢ — vX(2370) » vKTK~n') (1.86 % 0.39 (stat.) & 0.29 (sys.)) x 10~°
B(J/¢y — vX(2370) - yK3K2n') (1.19 £ 0.37 (stat.) £0.18 (sys.)) x 107°

Sep. 15, 2018, Ji'Nan 25



BESIL  Search for glueball at BESIII

0" sector
— The production rate of f,(1710) 1s 1/W->YPP | J/USYWV | 1/W->yPPP
compatible with LQCD prediction for )/ '
b->ynn J/d->vwd  J/P->vKKn
lar glueball
a pure gauge scalar glueba Y PSYIE 1/ WSvbd I/ b->ynmend

. ) ; i J/W->VKsKs I/ P> yww
— 1,(2340) seems to be a good candidate 1/ P->ynn’

due to its large production rate in

e 2*tgsector

Jhy—yoee and J/y—ynn /by
* 07 sector
. ) Published
— X(2370) might be a candidate for 0-+ Release is in schedule
Ongoing

glueball

— X(2500) observed in J/y—ype and
the structure around 2.6 GeV/c?
observed in J/ y—yn'n'm

Sep. 15, 2018, Ji'Nan 26



BECSTI Y(2175) and the strangeonium-like Zg

> Y(2175) (denoted as ¢p(2170) by PDG) was observed by
BaBar, and confirmed by Belle, BESII and BESIII
* A candidate for a tetraquark state, a strangeonium hybrid state,
or a conventional sS state
» Unique place to search for the Zg:
* Y(2175) 1s regarded as strangeonium-like state analogous to
Y (4260)
* Mode: Zg—n*¢p (Expected mass Mz ~ 1.4 GeV/c?)

3 [ T | I A | T T T ] ' ' ' ' ’ ' ' ' i . ' -
S o ROTHOHOE @00 1 T PRDS, 031101R) 2009)  '°f  PRDOLOS2017Q04E)
= l Babar | il Belle (a) o}
+ - o) s | -
0.4 ere” FIo80) 2 o6 + ete” - pmtm~ 1"
i —~ b 80
g -
, + 04F + y 1 o
0.2 RS [
b 4
_ ° 02f 1%
| 4 N R, 4 Ld 20
?8 — 7'2 >4 +2|6 ','8‘ 3 0 NPT LIt TP 1 2 heet. PN
. = = . = - 2 2.1 22 23 24 25
Ecm. (GeV) 1.5 2 2.5 3 M(¢ f (980))(GeV/c?)

E., (GeV)
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BESIT  Observation of ete—nY(2175) at
Vs > 3.7 GeV

» Perform the search for Y(2175) resonance in _ 14f : -
the process e'e—nf,(980) at /s between :f R

» Combined significance for Y(2175) signal is ¢ o6 - of 7=t o027 7
observed to be larger than 10e. e T

» No significant Zg signals in ¢n* spectrum. 02525 3 35 4
MA(nt o) (GeV2/c)

Lok s=3773GeV | % s=4008GeV | %o oL | s=4226Gev] % /s = 4.258 GeV
2 [7)f,sideband ] 7 7, sidebnd | 5 F 77)f,sideband { 5 6 7)1, sideband
o osideband | © 4r osideband 1 © 6f osideband 7 © o sideband
0 20 4 v i o [ ] v
S ) 1 o I \ ] © 4 .
e H‘ e S i 1
2 10f 27 2 1 ; 1 2,
s ) 5 N 15?2 E S .
b > LA e [ o> T — 2 A ]
W GBS 4 / w o, Ze- Vil 1 /] w ol i I Uz W 22 % v :

2 22 24 26, 28 2 32 24 26, 28 2 22 24 26, 28 2 22 24 26 28

M( f(980)) (GeVic?) M(6 1,(980)) (GeVic?) M(6 f (980)) (GeVic?) M(6'F (980) (GeVic?)

~ b T T T —~ T T T T T ~ 0 T T T ~ T T
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2 [7)f,sideband | ), sideband | 5 4F 77}, sideband § % 40 77}, sideband |
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BGS]]ISearch for the Z¢ at 2.125 GeV ¥

arXiv:1801.10384

» Perform the search for Z via ete—¢atn (¢pa'n’) using 108
pb1 data collected at /s = 2.125 GeV.

» PWA is performed S 5
BN 4_' | (@ T 4F (b)
®pf(980) Y7 %
.¢f 0(13 70) = 2t =
®¢pf,(1270) |
®Z. T K
M (or ) (GeVZ/c?) M?(on°) (GeVZc?)
. . RS) Ng 80__ -+ Data
» No clear Zg signal is S (@ > [ b ﬁ | o
. > L = 60 signal
observed in the ¢ mass S **| j S WM Wz
spectrums around 1.5 §_ | 3 4o
GeV/c2. o ool ff
YT I 0 12 4 : 16 ' 182
M(¢n*) (GeV/c?) M(on°)(GeV/c?)
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BESII

2,(980)-f,(980) mixing

* The lightest scalar nonet: o, k, a,(980), f,(980)

* Theorists proposed ay(980)-1,(980) mixing mechanism ~40
years ago, to clarify the nature of these two states

» BESIII reported evidence of a,(980)-,(980) mixing using 225

million J/y events and 106 million y' events
(suggested by Wu, Zhao, and Zou, PRD 75, 114012 (2007) )

340 PRD83, 032003 (2011)
 BlJ/w = $£0(980) = $af(980) — ] _ 80 .
Efa = Bl jv = 472(980) = gr <1.1% @ 90% C.L. - _
= 10 'qCI_2 E
B Bly., — 7a)(980) — 7°£¢(980) —» z’z" 77| 1.90 ‘g :EaR:
Saf = By, — 2a0(980) — 2% '<1.0% @90%C.L. 3 , oo ||
L L "I‘BEISlIIIHI
* No affirmative experimental result for 0 e

almost 40 years on the magnitude of the mixing
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BESIT
Observation of ap%(980)-f,(980) Mixing

M. Ablikim et al. (BESIII Collaboration)
Phys. Rev. Lett. 121, 022001 (2018) — Published 11 July 2018

* With 1.3 billion J/y and 450 million y', a,(980)-
f,(980) mixing is observed for the first time

TABLE II. The branching fractions (B) and the intensities (&) of the a)(980)-f¢(980) mixing. The first
uncertainties are statistical, the second ones are systematic, and the third ones are obtained using different

parameters for a)(980) and f,(980) as described in the text. 12
£6(980) — 3(980) 10
Channel Solution I Solution II a)(980) — f,(980) 8
B (mixing) (107%) 3.18 £0.51 £0.38 0.28 1.31 £0.41 £0.39 £ 0.43 0.35 + 0.06 + 0.03 + 0.06 6
B (EM)(107%) 325i108:t108j:112 262j:102:i:ll3i048 4
0.40 +0.07 + 0.14 + 0.07 2

statistical significance

K o0 Observed mixing between two light
T's) yos0) w o) Scalar mesons may help constrain
their internal structure.
from PRD 75, 114012 (2007)
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BESII

The charmed meson decays

* D leptonic decay
 Ds—-pn

’ 6

E
-~ L5
E “ +scan data. -
~ - q@a 5 £
: k g
= - 2 g
0.5 P ks
% —
1N
0 - H_im s _ 8 0
T T T T T T T T T - - . - .

& J P(25) —* )+ C 1o

6 " Mark T 1DS DS ] i

F Mark-T + LGW 18

1\1;.1-1«11‘ ‘ Yo 1@

® PLUTO N‘ . 1 g,—

F DASP I Lk ‘ 18

= 4= # Crystal Ball 1 1 ‘%‘ ) ‘#ﬁ% . ‘ | | Ja

* BES ‘ d] I I B

‘ (I Y1 A e

[ | ‘\‘\ ] %tx Bk
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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\ 5 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?
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BESTI D), Leptonic decays

Purely Leptonic:

Semi-leptonic: form facotr (FF)

°E decay 1
Xtract decay constant fp * Measure |V,,| x FF
incorporates the strong interaction » Charm physics:
effects (wave function at the origin) o
* CKM-unitarity = | V|, extract FF,
* To validate Lattice QCD calculation test LQCD
of /5, and provide constrain of * Input LQCD FF to test CKM-unitarity
CKM-unitarity
e HPQCD  o747ioorsoors | T
CKMFitter 0.22520:0.00065 ' BESI 078004008
EHDo4(2011)114505 D-7ee  0.22520.00640,010 —_ Bl o, o, SSst000720022  ——a——
PADG1(2015)052022 DTV, 0.20640007:0.009  —e— BABAR,  O7emeocomeoce
CLEO .739:£0.007:+0.
PRDS2(2015)072012 D€'V, 0215540.002740.0095  —=— ;EZK”T Vo Dﬁi{z::::: (::036
SIF_{EDCSJG(2012)054510 D'=u'v,  0.223+0.010£0.004 —_ EESK”T'V! 0766400071001
A . D Ke', S
Eglesllg%é%:i‘fgo51104 D'-#Vi 0.2152£0.0056:0.0022 - BESI“e 0.7246+0.0041+0.0115
. D' Keev,
Efg'c'ég o D'S'Y,  0.2152£0.002t£0.0022 - BESII 2010 0798:0000000%
P I S R R B T T el
0 005 g1 0l 02 055 06 065 07 075 08
o f5(0)
C‘KM;:mellI rrrTo T IU,Q;SA;LO‘.OO(‘]ISI T .I| o HPQCD ! 0,656'10,'0&0.021' I I
DELPHI W'—c§ 0.9410.32+0.13 —(—
CLEO/BELL/BABR/BESII D’ KTy, 0.9750.007+0.025 - BESII 0.73+0.140.06
CLEO T(e'v V)V, 0.98810.044+0.022 —-— D'sn e'v,
CLEO TV, 1.009:0.05240.021 - Belle 0.62440.0240.003
CLEO TV, 1.0880.069+0.018 — D’'-»me'v, D»apty,
BABR w(e'v I v v 0.95610.03640.056 —- BABAR 0.61£0.02+0.005 ——
BELL TV IV IET V. 1.02520.019£0.029 - D'-re'y,
BESII@4.009 WV T (Y )v, 0.94410.063+0.027 —— CLEO 0.666+0.019+0.005
CLEO HY, 1.007£0.0400.018 - D’-re'v, D'—rle'y,
::T ::: ;g:gizgzzgg: - BESIII 0.6372:0.008:0.0044
L - £0.4 : - Dr'%xe'\'v
gzs'gl@aﬂe KV 0.974:0.01410.016 - BESIII 0.621610.0115t0.0035  =o=
D' %'y,
b Expacted o 0.974:0.010:0.016 y BEs||e| 2;)fb" 0.6372:0.0031:0.0044
P I BRI SRR B D, T
4 05 0 0.5 1 A S B S
IV_J| 0.4 0.5 0.6 0.8
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BESII

- BF < 1.2x103 @ 90% C.L. by CLEO.

Evidence for D*2> 1" (n*v)v

(818/pb @ 3774 MeV; PRD 78, 052003 (2008))

- A simple pure leptonic decay:

. LOG scale >

|

c I+
wt
D+
7
m2, 2
(Dt — 71v) (1 - M§ )

R = =

1 Linear scale >

2.93/fb @3.773GeV

with 6 dominant D- singly tag modes
Fitting to DATA )

Eemc > 300 MeV

o BESIHI
E Preliminary

| Eemc <300 MeV

L BESI
E Preliminary

vents/0.02 GeV?

Number of events/0.02 GeV?

02; 107
; 3
F ° | "
“E : H}{ S
137+27 + *
Gl EMM
03 02 -01 0 o1 o2 events 02 01 0 01 02 03

200 = R
> F H e .
Sif  BESII i}; Blackfilled histograms BESIII
N0 F- Preliminary ‘ H are eliminary
S'F + % MC-based backgrounds
gm ; "y E
Q120 . Hi o
® F H 5 I
5100 . B 15F f
geo Nt gt
Ew P e £ 1op
z z Ny
o Si }" ;+ :.
5
!
[

%3 02 01 0 01 02 03

0 -03 -02 -0.1 0 0.1 0.2 0.3
MM2 (GeV/c??

MM2 (GeV/c??

1— 4

D+

FD+ -+ m2
( — M V) m2+( +

;

SM prediction: 2.6610.01

BESIII: 3.21+0.64

- > 4c statistical significance. First evidence!

- BF(D* — t*v) =

Sep. 15, 2018, Ji'Nan

[1.20+0.24(stat.)]x103.

25



BESIT Measurement of B(D, > u'v)

v 14 ST channels are used to reconstruct D,~ mesons.

T T T T I T T T T I T T T T I T T T T I T T T T | T T T T | T T T T
T T | LI | 1T T l T 1T 17T | LI I T 1T 17T I T TT I LI LQCD PRD90(2014)O74509 249~0t03i15 -
— —=— data = CLEO THE 'V V)V, 252.8+11.2+5.5 —_—
- [ BKGI: real ST D and D{—p*v, but wrong y(r’) - CLEO T(PTVIVe 258.0+13.3+5.2 _—
N -_— - _- + 37
v 300¢ [] BKGII: wrong ST D or wrong D/ —u*v, ’ CLEO (T'V)ve 278.3:17.6+4.4 —_—
§ C . BABR THEM VL 1V, TV, 244.6£9. 1142 =t
i = BES]/|| L cou nter s BELL TV VWV TV, 262.2+44.8+7.4 ——
E - .. . BESII@4.009 p'v, o (x"V )v, 241.0£16.346.6 =t
e 200 preliminary usedto 4 CLEO WV, 257.6+10.3+4.3 —
B - . 'S 265.9+8.4+7.7
~ C Suppress gon-p BABR ! 65.948.4+7. -
i~ — — BELL Hvy 249.8+6.6+5.0 —
= - baCkg rourids BESII@4.178
C ] Hv, 249.1+3.6+3.8 -
1<) 100_ ] preliminary
§ : : 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1
3 . -50 0 50 100 150 200 250 300
- ] £ /NA~AN
= e T T T T T T T T T I T T T T I T T T T I T T T T I T T
[ — e CKMFitter 0.97343+0.00015 )
0 2 0 1 0 0 1 0 2 DELPHI W= cs 0.94+0.32+0.13
) ) ) ) ) CLEO/BELL/BABR/BESIII D°— K1, 0.975+0.007+0.025 - <b
mlss (GeV /C ) CLEO TH(eTV V)V, 0.988+0.044:+0.022 -
CLEO TPV, 1.009+0.052+0.021 -

CAA . + + CLEO TRV, 1.088+0.069+0.018 —
Preliminary results: B(Dgt+=2>u*v) o ABH VT, 0.95640.09650.056  —
=(528i0 1 5Stat + 0.1 4syst)><1 03 BELL eV TV, T TV, 1.02640.01940.029 -

BESII@4.009 v, T (T, )v, 0.944+0.063+0.027 ===
CLEO Hvy, 1.007+0.040+0.018 -
BABR wvy 1.040+0.033+0.031 -
BELL nvy 0.976+0.026+0.021 -
BESII@4.178 | .,
preliminary Hvy 0.97440.014+0.016 - %‘:I
1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1
-1.5 -1 -0.5 0 0.5 1

IV I
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BESII

DV—sK-utv

2.93 fb'! @E,,, = 3.773 GeV [ LR b '
T T[T [T T[T I [T [T I T[T I T[T R 7T : BES|||pre||m|nary ( )
PDG2017  3.33:0.13 - 1.5_

Nc- i
EMUL 2.14+0.34:0,3420.10  emmmmsipmmmme ot
=1
E653 3.16:0.34:0.27:0.28 ——
CLEO 3.07+0.31:0.35:0.03 — I T SR SR
EST(1998) 319:05%:05%0.03 — 1 5. BESIII PRELIMINARY ]
~1 SM prediction: PRD 91, 094009(2015)
E687(1995) 3.31:0.13:0.11:0.03 . |
BELL 3.45:0.10:0.21 —t— mE
BESIII
orelminary 3.429:0,019:0.036 '
o b b b b b b b b ol e
05 0 05 1 15 2 25 3 35 4 -
0y 2 (GeVi/e
B0y (4 TGV
_ r(D" =K~ ptvy) _
Riuje = F(DF—K—etv.)[PRD92,072012(2015)] 0.978 £ 0.007 = 0.012

consistent with SM within 2o
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BESII Observation of D;"—p n

3.19 fb' @E,,, = 4.178 GeV
* Only kinematic allowed baryonic decay of charmed meson, and help for
understanding the dynamical enhancement of W-annihilation

— Short-distance expected:Br~10- PLB663, 326 (2008)
— Long-distance enhance to: Br~10-3

» First evidence was observed by CLEO-c: (1.30+0.36%%-12_, ,)x10-3
(PRL100, 181802(2008))

preliminary result BD;“—>pﬁ = (1.22 + 0.10) X 1073

% ol o | ¢ Confirm CLEO-c¢’s measurement
S o | with greatly improved accuracy
z 0 \ o | = Consistent with the prediction of the
s h | 1 enhanced BR due to long-distance
i 04,85 | }o'g‘ 035 1; effect via hadronic loop
M, . (GeV/c?)
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BESII

The A decays

based on ~1 month data taking
Hadronic decay

Af - pK~n* + 11 CF hadronic modes :PRL 116, 052001 (2016)
AfF—pK'K-, prm= :PRL 117, 232002 (2016)

A —nKsn* ‘PRL 118, 12001 (2017)

A —pn, pn° ‘PRD 95, 111102(R) (2017)
A — 2wl :PLB 772, 388 (2017)

A - 0K :PLB783, 200 (2018)

Semi-leptonic decay

At —Aev, : PRL115, 221805(2015)

Ar—Aptv, : PLB767, 42 (2017)
Inclusive decay

Af—-AX : PRL121, 062003 (2018)

Af—e™+X : arXiv:1805.09060
Production

AT AL cross section : PRL 120,132001(2018)
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Al /\; threshold production at BESIII

In 2014, BESIII took data above A, pair threshold and run machine
at 4.6GeV with excellent performance.

EnergY(GeV) lum.(1/pb) -‘E 06 k PRL101 (2008) 172001
4.575 47.67 o ﬁ PELLE
4.580 8.54 j m +H ! { .
i
4590 81 6 0 “¢ ...... }l {}Hm'{’++#ﬂ#ﬂ#
45 46 47 48 :/[?A: :;) 51 52 é.swcszA
4.600 567.93 e | o
e section for the exclusive process e”e™ —

Measurement using the threshold pair-productions via efe
annihilations is unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!
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BESII

The improvement after 2014

EPJC 77,895 (2017) PRL 116, 052001 (2016) PRL113, 042002 (2014)
Mode |t HFLAV2016 |7 BESIII (%) |PDG 2014 (%)| BELLE (%)
pK?2 1.594+0.07 [1.52+0.08+0.03] 1.15+0.30
pK m" 6.46 +0.24 |5.84+0.27+0.23| 50+13 |6.84+0.247022
pK2r" 2.03+0.12 |1.87+0.13+0.05| 1.65+0.50
pKontn~| 1.69+0.11 |[1.53+0.11+0.09| 1.30+0.35
pK nwtn| 5.05+0.29 [4.53+0.23+0.30] 3.4+1.0
Axt 1.284+0.06 |1.24+0.07+0.03| 1.07+0.28
Antr® 7.09+0.36 [7.01+0.37+0.19] 3.6+1.3
Artr—w™| 3.73+£0.21 [3.814+0.24+0.18] 2.6+0.7
ROt 1.314+0.07 |1.27+0.08+0.03| 1.05+0.28
IR 1.254+0.09 |[1.18£0.10+0.03| 1.00+0.34
Stata™ 4644024 [4.254+0.24+0.20| 3.6+1.0
Stw 1.77+0.21 |1.56 £0.20 +0.07| 2.7+1.0
Ae" v, 3.18+0.32 [3.63+0.38+0.20| 2.1+0.6

Improved precisions significantly with factors of 4~10
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BESII

W-exchange-only process Af — £ WOK+

P A PLB783, 200 (2018)
| \ )

| d | W+§ ‘ | =" D .ST Mg, sideband

L u ™ Data gc Sideban
Al \ 60 |

av, - -~ total fit """ 2nd-order polynomial
C_.(_\s) K+ -
40 - | 10.30 6.40
[\

[\
<
T T

Events/( 10.0 MeV/c?)

oo N b o ) 1]
v B
1.2 14 1.6

M. (GeV/c?)
e First absolute measurement
of the decay BF B(AF — Z0K*) = (5.90+0.86+0.39) x 10>
e No models can accommodate | B(Aj — Z(1530)°K ) = (5.0240.99+0.31)x 102

the both rates
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BES]HThe inclusive channel A7 —A+X"

PRL121, 062003 (2018)

* Mediated by the c-s transition, essential input in the calculation of
the A} life time

« Current PDG: BF (A} —A+X)=(35£11)% with large uncertainty

e The sum of known exclusive modes: (24.5 + 2.1)%: need better
understanding of the gap between exclusive and inclusive rates

23 « ST modes of AF>pK-—n+and pK2, to
2.295 measure the probability of finding a
229 & ° . .
p 285 L 5 A in the final states
N?;: o8 £ e ; « Data-driven (p—|cos8|) 2D efficiency
2255 - . IR correction using several A control
R 227 g L gy ey samples
2265 . Ci - D i -°E + +2.8
2.26 |- A R O . * B(A; » A+ X)=(382I3310.8)%
2255 |- D G e i b indicates ~1/3 BFs are unknown
295 TSI B S S R PPN B A N~V ST S S U A S R) B T-Y I I S S S | . +70 o
11 1.105 1.11 1.115 1.12 1.125 1.13 1.135 ° ACp — (2'1—6.6 i1 4) A’
M, (GeV/c?) (No CPV is observed.)

43



BESII

The inclusive channel A7 —e™

® Current PDG: BF(A} —e+X)=(4.5£1.7)%. arXiv:1805.09060

® Large rate, but also with large uncertainty

= ’

~ 60

i

® Tagged with A{ >pK =n* and pK_ & |
5

= B(Af — Xetr.) = (3954+0.344£0.09)% = |

T g oo ) _ (01.94125+£54)% W |

| % 02 04 06 08 1

e+ Momentum
® The Al'v; dominate the [*+X =>B (pKil*v;)~10-.

Result AZL — Xetv, FI-S(Ag:;(erZC))
BESIII 3.954+0.35 1.26 £0.12
MARK II 4.541.T 1.44 + 0.54
Effective-quark Method 1.67
Heavy-quark Expansion 1.2
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BESIT The cross-section of baryon pair

The Born cross section of the reaction ¢ ¢~ — y* — BB can be parameterized in terms of
electromagnetic form factors:

B 4t *CPR

1
opgl(q) = THGM(QHZ -+ E|GE(CI)|2]

» Baryon velocity 3 = \/ 1—4m3ct/q2, © = %/ (4m3c?)
» For charged B, the Coulomb factor C will results in a non-zero cross section at threshold

G000 T T T T
Q_ -

S
s F H+7L7L+
e ¢"e¢” —pp: an enhancement and wide-range % s00]- ot
plateau in the line-shape S ++13
a < . [ | PRD 87,092005 (2013) ]
e ¢te~ —/AA: non-zero cross section near threshold oL (‘ B .). ]
1.9 2.0 21 22
e It can be anticipate that A has a similar Is (GeV)
- : B
behaviour with proton .
i -= BESIII
e Belle collaboration has measured the cross section 30001 (@) popr

—~ DM2
— pQCD fit

PRL 101, 172001 (2008) PRD97.032013(2018)

5
5 : : B |
of ete™ — AT A using ISR technique B 200F
?
o
G

25 30 ‘3f52
M (GeVicY)
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BESII

Study of e'e— AT A7 near threshold

Combined analysis of 10 ST hadronic modes

-+

PRL 120, 132001 (2018)

PTG o | ¢ fw 2 40T , —
2 Oy=162x13 2 Ov=30x5 & - ee > AR
) 40_&::(51.24_-2.9)% Q Le=(50.2+2.8)% | -e- BESIII data :
S S st . v 300} +Belledata ]
£ 20-4575 MeV 2 4 ? Ni A - —BESII fit : 1
r.%) P AR r.:% LLLLITLLI L un ATTEARRTRO R TN EATTEAT - PHSP model . ! _+ .
935 226 227 2288C(2Gi9v /C2)3 225 226 227 2§§BC(2G269V /cz)3 200F ... Threshold T * I B
L © @ I
S N=44x7 gﬁm?v=2967:60 100 * ’
2 £=(49.8 +2.8)% 2 400[-& =(51.1x2.9)% B 5
%’5490Me\f ' 2004600 MeV 0:.....,.3...,....1.,...-
[5 225”2H1I).6HH2].|2[.';H;|1[28 229 ”153 [E 2025 226 227 228 2.é9 23 456 457 458 459 46
M;(GeV/c?) M;(GeV/c?) \(g (GeV)
0.8+ Belle's leftmost bin is corrected due
. ' to spanning below threshold
o The Cross sections are measured ‘ﬁ_eﬂe‘
with unprecedented precision e e
@ Enhanced cross section of reaction 5 041
ete” — AL A near threshold is i
discerned for the first time 024
@ The Coulomb enhanced factor? o

4.55
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Bl BEPCII and BESIII upgrades

[ Increase of beam energy (<=2.3GeV)

— Stepl: = 2.35 GeV (upgrade power cooling system.
Done in this summer)

— Step 2: = 2.45 GeV (Change ISPB magnet. Challenging)
[ Top-up injection:
— data taking efficiency increased by ~30%
[0 MDC: Malter effect found in inner chamber in 2012
— New inner chamber is ready now.
— CGEM as the inner chamber ongoing : Italy group in
collaboration with other groups.
[ Super Conducting Magnet
— New valve box of SC magnet

1 Other possible upgrade plan is under discussion
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BESII

Future plans at BESIII

A BESIII physics white paper is under preparation

Energy physics highlight Current data Expected final data
# of events # of events
or integrated luminosity or integrated luminosity
1.8 - 2.0 GeV R values N/A Scan: 3 energy points
cross-sections
2.0- 3.1 GeV R values Scan: 20 energy points No requirement
cross-sections
J /v peak Light Hadron & Glueball 5.0 billion 10.0 billion
Charmonium decay
1(3686) peak Light hadron& Glueball 0.5 billion 3.0 billion
Charmonium decay
1 (3770) peak D°/D* decays 2.9 fb~! 20.0 fb~!

Form-factor/CKM
decay constant

3.8-4.6 GeV R value Scan: 105 energy points No requirement
XYZ/Open charm
4.180 GeV D, decay 3.1fb! 6.0 fb—!
XYZ/Open charm
XYZ/Open charm Scan: 30.0 fb~?
4.0 - 4.6 GeV Higher charmonia Scan: 12.0 fb~! 10 MeV step/0.5 fb~! /point
cross-sections 30 energy points
4.60 GeV A /XYZ 0.56 fb~! 1.0 fb~?
4.64 GeV A /XYZ N/A 5.0 fb~?
4.65 GeV A /XYZ N/A 0.2 fb~!
4.70 GeV Ac/XYZ N/A 0.65 fb~!
4.80 GeV A /XYZ N/A 1.0 fb~!
4.90 GeV A /XYZ N/A 1.3 fb~!
YFA; 4.74 GeV Charm Baryons N/A 1.0 fb~!
.2, 4.91 GeV Charm Baryons N/A 1.0 fb~!
Z.2 4.95 GeV Charm Baryons N/A 1.0 fb—!

Sep. 15, 2018, Ji'Nan
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BESIL Summary

— Fruitful results with large varieties of physics outputs

— The hadron spectroscopy and exotics

X states between 1.8~1.9 GeV/c?
* Glueball searches

» Efforts on studies on the strangeonium-(like) and charmonium-(like)
states

— Charmed hadron decays
* Measurements of decay constants fp, ). and form factors
* Determinations of |V q): improved test on CKM matrix unitarity
* Important testes on non-perturbative QCD
* Significant improvement in charmed baryon sector

— BEPCII upgrade and Detector upgrade

v Top up mode :
30% going-up of data taking efficiency

v" Increase the beam energy:
4.6 GeV =2 4.7 GeV (done!) =2 4.9 GeV (~2019 summer)

v" CGEM project
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BESII

Thank you!

I |



BESII Determiend properties of the Z(3900)

e IfZ_is parameterized with a Flatte-like formula ~ PRL 119.072001 (2017)
M, =38812+42+52.7 MeV, T, =518+4.6+36.0 MeV

g,'=0.075+£0.006 £ 0.025GeV*
g,7g'=271£2.0+£1.9

(consistent with the previous published results)

e Born cross section fore'e > Z' 7" +ce. > x'n J/ly
21.8+1.0+4.4 pb at4.23 GeV
11.0£1.2+54 pb at4.26 GeV

e Scarch fore'e” — Z (4020)7" +c.c.—> ' n J /v gives
upper limits at 90% C.L.:
<0.9 pb at4.23 GeV; <1.4pb at4.26 GeV
o(e’'e >Z7(4020) 7~ +cco>n'n J/y)
o(e'e > 2727 (3900) 7~ +cco ' J/y)
<13% at4.26 GeV

then <4% at4.23 GeV
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BESII

Comparison between experiment and theory

e Using B(X(3872) — mw+m-J/) > 3.2% [PDG]
(obtained by comparing inclusive [Belle,PRD97,012005(2018)] and exclusive [BaBar,PRD77,111101(2008)] B+ decays)
and B(X(3872) — wtm-J/y) < 6.4%,
(obtained by assuming all measured X(3872) decays add to less than 100%)
we find B(X(3872) — m%c1) ~3-6%.

e If the X(3872) were the yc1(2P) state of charmonium, then ['(X(3872) — m%.1) ~ 0.06 keV,
(from the estimation of [ Dubynskiy, Voloshin, PRD 77, 014013 (2008)])

which would imply an unrealistically small I'ror(X(3872)) ~ 0.5 — 1.0 keV.

(for comparison, note that this is several orders of magnitude smaller than ['ror(J/y) ~ 100 keV)

e Therefore, our measurement of B(X — 10%c1)/B(X — mttmt-J/)
disfavors the yc1(2P) interpretation of the X(3872).
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BESTI Search for Z at 2.125 GeV

aerv 1801.10384 (2018) submitted to PRL

(a) ]P — 1+ =—r(z)=50 Mev

9; 9;
2a 't —rz)20Mev [ o
© rz)=10mev | ©

» 90% C.L. upper limits on the cross-section
for Zgproduction are determined.

v" Different assumptions of mass, width
and J? of Zg

—a ——a PR PR SN T R
» In addition, the cross-sections of e'e 1214 16 18 127741 s

M(Z°) (GeV/c?)
—¢n'n and eTe—¢n'n® at 2.125 GeV/c? o ETF
are measured to be (343.0+5.1+25.1) pb 3 3 9 @1 -1
and (208.3+7.6+13.5) nb, respectively. 5:& 5@ 61 -

v' The cross-section for e‘e—dn'n
slightly  differs  from  previous
measurements from BaBar ((510£50+21)
pb at 2.1125 GeV) and Belle
((480+£60+42) pb at 2.1125 GeV)

measurements, but consistent within 3o. 12 14 16 18 127714 16 o 18
M(Z}) (GeVic?) M(Z;) (GeV/c?)

\d
*
o e
e
*

.
Taay

v The cross-section for e+e‘_)¢7[07[0 1S BaBar Collaboration Phys. Rev. D 86, 012008 (2012)

consistent with BaBar measurement
(195+50+14) pb within uncertainty. BELLE Collaboration Phys. Rev. D 80, 031101 (2009)
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BESIL . The Zc Family at BESIII

- O
C,

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™ - ' /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)"  38817+1.6+21 26.6+2.0+2.3 (DD*)*  e*e” - (DD*)*n*
Double D tag Double D tag
Z.(3885)°  3885.71g7+84  35113+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 D*D* ete” - (D*D*)*nt

Z(4025)°  4025.5729+3.1 23.0+6.0+1.0 D*D* ete” - (D*D*)°n?



BESIT Many charged Charmonium-like states

State Decay modes Seen by
Zc(3900)*-0 =y, (D*D)* BESIII,
Belle
CLEO
Z (4020)*° | x*h, (D*D*)* BESIII
Z (4430) T=y(2S) Belle,
+ Eobae
Y LHCb

2, 4800
> i Y660 — X(4700)
w 4600 e 7
S : 4500)""
S - YD) T 2 4430) X — P(4450)
= woobT Syem =
B y(2D - { JEEES oo
4200 )}422 _ XA T — 7 4250)
- x(4160%)(| S-S) \ - z (f200) S X 40)
4000 . I - Z “fa020) - i x (21,) — Z'(4050) D= *
- — X(3940) | | - X(‘é 5___ b
; ¥(ID) ok 3% " X(3872) ¥,(1D) DD*
3800F e (R = v
K $@S) L N e o5
f]c(ZS) -TF"-\::; o e, ‘ //
3600F im0 av)
3400
3200
LS arXiv:1708.04012
3000 -
0+ 1 1+(-) o+t A o+ 2 & other

inete”™ »>m Zc
inete” »m Zc

inB - KZc
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BESII

New: connection is emerging

PRL 117 042002 (201 6)

B L U L I TTTETTT

Use 1.09x10° J/Y events collected  _* n e\(erEﬂtépMc

by BESIII in 2012 : e
Two decay modes of n’ |
— n'>ymm

— n'=>nmm, n-vyy

Clear peaks of X(1835), X(2120), Viats i
X(2370), n., and a structure near2.6 [ .1
GeV / c? &‘S’\moo;— n —>nn+rr-‘E:%Zr'x'§n% ,—
A significant distortion of the n'mmr ?:22 ; pp“ o
line shape near the pp mass Eeooé— ; 5‘"'..""'““”’“ h'"m'""".'.m ,
threshold b "

054716 18 2 22 24 26 28 3
Miyn'n] (GeVic?)
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BESIT Renaissance on the charmed heavy baryon

= Before 2014, the c-ed baryons have been , - PDG2014 o
produced and studied at many experiments, e ——
notably fixed-target experiments (such as o
FOCUS and SELEX) and e+e- B-factories R N ks
(ARGUS, CLEO, BABAR, and BELLE). o =R
= Large uncertainties in experiment; Retarded _ [ [
development in theory I T T
= Afterwards, more extensive measurements on T e | E o
charmed baryons are performed at the BESIII, e | W50 - & 4 oo
BELLE and LHCb
o The absolute BF measurements at BESIII and s — S
BELLE o~

o The observation of the DCS mode Af - pK*n~ at mm:;i”d oo [0 AL::
BELLE P I A

o The observation of the cc-d baryon 77 at LHCb _+ W T

= These experimental progresses have e rnaom
revoked the activities in the theoretical
efforts
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ol Double Tag (DT) techniques

* 100% of beam energy converted to D pair (Clean environment,
kinematic constrains v Recon. )

* D) generated in pair = absolute Branching fractions
* Fully reconstruct about 15% of D g, decays

e

K~ T
%7 77: Signal side ®< 0 Signal side
Qi'— ST

=
n
+ e O ey 4,178GeV e~
et (3770) e 0/
KQW K+"\ <\®
Tag S|den_< Tag side n:7®/

T
AE = ED o EBeam
MBC = \/Eéeam o plz)
¢ Double tag techniques: Hadronic tag on one side,

on the other side for missing-mass studies
(Double tag efficiency is high.)
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BES]]I Angular dependence analysis of etfe— A A
near threshold

PRL 120, 132001 (2018)

combined data
N : ' ' ‘ ] o
S 400F {1 © [ |
~ r ] ~ 6000— ] =
2 300f | 2 e | f(0) o< (1+ap, cos®0)
S 200! ] S 40001 .
> 3 1 = i ] 21-pH)=(1-
4575 MeV | | | 4600 MeV | | |
0-1 05 0 0.5 1 0-1 05 0 0.5 1
cosb, cosb,
/s (MeV) an, |Ge/Gum|
4574.5 —0.13£0.12 £ 0.08 1.14 +£0.14 £+ 0.07
4599.5 —0.20 £ 0.04 += 0.02 1.23 £ 0.05 £ 0.03

® One of the most basic observables that intimately related to the
internal structure of the nucleon.

® One of the most challenging gquestions in contemporary physics is
why and how quarks are confined into hadrons.

® The electromagnetic form factors (EMFFs) have been a powerful tool
in understanding the structure of nucleons.

® First measurements of the EMFFs of the A
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BEST The X(182?) between 1.8~1.9 GeV

PWA of J/y>yKsKsn T .73
bin * ]
OO0k —+ Dat =
;705 —M%Taroiection ‘NN
V6oL mm Background ~ ~
(O I ---- X(1835) : ~y
50 — X(1560) 1 250 N~ :
= “Phasespace 1 > UL S : ® PRL106,072002
NoN: 1.31B s F Jap—yK K On 0~ | v PRL108,112003
»n 30 4 & - J 1/)—.*/]]';'[';[’ E + PRL115,091803
[P 1 L 200 : . 0+ | + PRD87,032008
920, E - - - m PRD88,091502
1o} 3 - ’¢¢ = JPC?| A PRL107,182001
o-' s | e i vl i 15 '53
16 1.8 2.0 22 24 22. 2.8 - - o2
o~ P B Moo (GeV/C?) oo -
L - (b ‘T KsKen - ol
S soof (®) J/y=>yn' T - 100 ai
g "k { 4™ 7
=) B
2 s s’ ’ = :
5 2000 4 I vpp AN
m ; o , ‘ : \
100:_ _._..-"'..- ‘.1‘-: ,, 0 PR R PR N T Y PR T S S Y PR I ST S T T T S T N T S 1
oy . L] P 2 1800 20 1840 ‘ 1860 1880 W 1920 1940 1960
0 6 18 2. ' M (MeV/c?
14 1.6 1.8 20 2.2 24 2.6 2.8 s’ 4 \ (MeV/c?)
M, (GeV/c?) ‘/ 2 \
»’ v X
250 PWAOfJ/W%Ywd)
- 700 _N"'Soof\\\\\\\\\\\\\\\\\\\\\\\\\‘\7\ "'ﬂ_'_'_'_
R i —rmrie X(1810) o . a4 PWA of J'/Luévppﬁ - J/\V—)’Y3(Tf+n_) J/W9WHW+1T BES]
& 2000 dEe e £_0(2020) a, 600 E 22500 I o
S o | ik, e 12(1950) N s st 1 2 700 225M
[0) F : —— n(2225) () =200 1 3
({?_ 150 - = Phase-space ) o - 1 = (j“‘) P i,
S ok | LT S 130 WA
2 100: E‘;’ 2100 E % 300 -~ X(1870)
4 I N = - 1 2 200 SR e
m 50: 2 i S e = 100 (1405)A
r N L, -u 0:_-4 L i x\‘l‘\;\r‘ I \\‘\ Ll \: 0 " " ]I( 18 0
0 16 17 18 19 2 21 2. L 618 2002
2 2.5 3 ) M(3(r*)) (GeVI/c?) f1(1285) M, . (GeV/e)
M(K'K ) (GeV/c?) M, -2m,(GeV/cY)

Are they the same state? It is crucial to understand their connections.



