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BEPCII Storage Rings

> Beam energy: Beijing Electron-Positron Collider IT
1.0-2.3 GeV

> Design Luminosity:
11033 cm-2st

Pl
P
> Achieved Luminosity: //
~1X103%3 cm2st 4

> Optimum energy: ,;’
1.89 GeV H

» Energy spread:
5.16 X104

> No. of bunches:
93

» Bunch length:
1.5 cm

> Total current:
091 A

» Circumference:
237m




The BESIII Spectrometer @ IHEP

BEijing Spectrometer ITI

e*e collisions

VS tuned depending on energy [P hysics P"OQPGm]

Muon Counter - 5C magnet @

~

/

TOF - /> Charmonium Physics
A SIS D-Physics
Be heam pipe » Light Hadron Spectroscopy
> t-Physics
Drifi Chamber Q

CsI{T1) calorimeter
D.M. Asner et al, Physics at BES-IIT, arXiv:0809.1869v1 [hep-ex] (2008)
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BESIII Dataset
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 World largest data sample on J/y, w(25S), w(3770), Y(4260)...

in e*e” collisions

* From light meson spectroscopy to /\C/_\C

* Fine and coarse scan of the accessible energy region 5



pp Near Threshold Enhancement: J/y -> ypp
PRL 108, 112003 (2012)

Unclear nature: normal 700 k RCCTT —— X(P) —f 200 F b

meson, ppbound state, < 600 ‘1B-ES]]I_?;ESU} ] _35(] Wit

multiquark, glueball,... =500 —1(2100) 00

2 TR ] 250 F 4

PWA fit features: o 400 Z 200 F Hb
«Mass structure can be Z 300 F 4 f¥aant aa = E 150 F |
described by BW and FSI 3 200 F v | 100k | | 4
corrections (PRD 71, ?_,E" 100 %_ = ..,..---'-"‘; 50) _ : | _
054010 (2005)) M 7SR T e N

FST tions notabl o os 0 —
. Codr‘r‘ec .'O?.S nortably 0.0 0.1 0.2 0.3 -1.0 05 00 05 1.0
improve description R oV 050
. Different FSI — model Mop 2my(GeVIE) o
systematic Fit components: X(pp), , f0(2100), O++ PHSP

Fit results:

JPC= 0"~ are preferable(by>6.8c better than other assignments)
M = 1832119 (stat) 15 (syst) + 19(model)MeV
"< 76 MeV @90% C.L.

Br(J/w = yX)Br(X = pp) = 9.01%4(stat)*L3(syst) + 2.3(mod)x10° °



pp Near Threshold Enhancement: J/y -> ypp
PRL 108, 112003 (2012)

Events/ (0.01 GeV/c?)

Unclear nature: normal 700 E RCCTT — O PRE 400 F
—— ( ) ! - 'I.
meson, ppbound state, G 600 #BESE_?;T;SD} E 350 - 'i&
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improve description _ ) e
. M _-2m,(GeV/c” coso
. Different FSI — model o pp~Mp(GEVICT) , — L.
systematic No similar structure was observed in J/y—wpp or J/y—ppp
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Confirmation of X(1835) in J/y -> yn*nn’

- X(1835) was first observed at BES, and then
confirmed at BESII [PRL95,262001(2005)]

* The angular distribution of the radiative photon
is consistent with expectations for pseudoscalar

* Two additional structures observed at BESTIII

* Nature of X(2120)/X(2370): pseudoscalar
glueball? n/n’" excited states?

PRL 106, 072002 (2011)
s00|BESIT & twonew
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% - - 1 X(2120) 2122.4 = 6.7 83 + 16 647 =103 >7.20
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X(1835) in J/w -> YKsKsn

PRL 115 091803 (2015)

A L B L B BB S AL B I : | ]
N 30:— (a) xz‘mbin =1.40 1 o 35 C (b) 72!nbm = D 95 AN 120F (C) 72‘m = 1 72 4
S 'F — MC projection ; > YL BES]]I S 100
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> PWA of events with M(KKs) < 1.16eV/c2 and M(K<Ksn) < 2.8GeV/c2
» Final fit results:

* the data can be best described with three components: X(1835) —f,(980)n,
X(1560)—f,(980)n, and a non-resonant f,(980)n component

+ J°¢ of X(1835), X(1560), and non-resonant component are all found to be 0

M = 1844 + 19 (stat) *'°,.(syst) MeV/c?> T' =192 20 _(stat) *62 ,;(syst) MeV (>12.90)
BR = (3.31 “033__ (stat) "9, (syst)) x 105

M = 1565 + 8 (stat) 0 ;(syst) MeV/c? T =454 (stat) ! (syst) MeV (>8.906)

» JP¢ = 1** for non-resonant component cannot be excluded
- Consistent with the X(1835) observed in J/y -> ym*mn’



Other BESIII Observations

PRL 107, 182001 (2011)

PRD 87, 032008 (2013)

Events / (20 MeV/c?)

PRD 88, 091502 (2013)
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550 * X(1840): J/y — y3(*m) [PRD8S, 091502]
- % X(1840); J° unknown © X(1870): Jiy — oma*a- [PRL107, 182001]
200 :_ BES]]I O X(1870): F unknown A X(1835): J/y — y(nm'm) [PRL106, 072002]
- A Xoessy Poo = X(1840): J/w — y(pp) [PRL108, 112003]
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B 100=
= - "l" I - X(1840) is in agreement with X(1835) and
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* Are they the same particles? 10



J/@ -> ynn*n™ [ %1603 09653

If the X(1835) is a pp bound state, the n'm-m+ line shape at the pp threshold would be
affected by the opening of the X(1835) —pp decay mode

- 1.09x10° J/y events collected in 2012
* N —»yrmand N —nyynr

» Clear peaks of X(1835), X(2120), X(2370), n., and a structure near 2.6 GeV/c?
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Significant distortion of the n'mm* line shape near the pp mass threshold
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Events / (10 MeV/c?

J/y -> yn'n*w-
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* Three efficiency-
corrected Breit-Wigher
functions

- Simple BW function )
fails in describing the * Flatté formula for the

nmm line shape near shape (Phys.Lett.B63, 224)

t+he threshold * An additional BW
resonance (X(1920)) is
needed (5.70)

Threshold structure caused
by the opening of additional
decay mode

» Both fits support the existence of one of
- Broad state with strong coupling to pp
- Narrow state just below the pp mass threshold
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Interference between two

resohances

- Use coherent sum of two
BW amplitudes for the line
shape: X(1835) and a
narrow resonance called
X(1870)

* X(1920) not significant
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J/y -> npn*n-
PRD 91, 052017 (2015)

. STUdy based on 2.25x108 J/y events 140 [ BGS]]I + se+ backgrounds

- Unbinned maximum likelihood fit is performed 120 g y
to the ¢fy(980) invariant mass distribution % oof
- Y(2175) resonance observed with a § N i
significance greater than 100 S
M=2200 + 6 + 5 MeV/c2, T=104 + 15 + 15 MeV 2 %t
Q wf
L i
20 |

2‘ B ‘2.1I - I2.2‘ . ‘2.3 - I2.4‘ . ‘2.5‘ |
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400

- £,(1285) non'r

350 |- = == non-1/¢ backgrounds . )
* histograms: X(1835) nmm mass spectrum recoiling against the o:

== histograms: X(1670) - Fit includes contributions from the f;(1285)
and n(1405) signals, the J/y—nenm decay, and
backgrounds from non-n and non-¢ processes

* No evidence of X(1835) and X(1870) states
B(J/y->¢f;—onnm) = (1.20+0.06+0.14) x 104

B(J/y->¢n(1405)->pnnm) = (2.01:0.58+0.82) x 10-°
13
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5 MeV/c?

Events / 1

Events / 15 MeV/c? Events / 15 MeV/c?

Events / 15 MeV/c?
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PRD 92, 052003 (2015)

* Model independent PWA

* Provide a description of the scalar

and tensor components of the
710 system

o O++:

fo(500), f(1370), f,(1500),
f,(1710), and f,(2020)

o 2++!

dominated by f,(1270)

14



XYZ States

N . 44 | s WS
Below DD threshold: all the states have been Ne(41S0) =

observed and described by the cc potential
model

Yez(3RPz2)

Above the threshold: more complex situation
- only a few of the predicted states above the .
threshold have been found

yez(23Pz)

* Many new states have been observed with
properties that are not consistent with the

expectation for charmonium: X, Y, Z

X states: charmonium-like states with JP¢z1--;
observed in B decays, proton-proton, and
proton-antiproton collisions.

yez(13P2)

Y states: charmonium-like states with JP¢=1--;

Observed in direct e+e- annihilation or initial 39 ——
- predicted, discovered

state radiation (ISR).

. . JIgp(1351) predicted, undiscovered
Z states: charmonium-like states carrying 30 L
. . - - 1g iscove
electric charge; must contain at least cc and 11 50) HIPIEAIEIEd GRCOETR
a 'lghT qq palr. D—+ 1—— ‘]+— 0++ ‘]++ 2++

JPC 15



e'e -> w'wX(3823) -> yxc1 . @ 4.19-4.60 GeV

Ecm=4.23 GeV

PRL 115, 011803 (2015)

Ecm=4.26 GeV

Ecm=4.36 GeV
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GB(TE+TE-X(3823)—>IE+TE-’}’XC1) (pb)

O
o o
T T | T T

e‘e -> w'wX(3823) -> yXc1 2 @ 4.19-4.60 GeV

o N —— Data
% 40F BESIL h — Fit
- n - Background
E 30: Sideband
2 onE w(2s)
5 20p Y VX X(3823)
c - + 4
Q 10F % b/
LL C
ok
3.6 3.7 3.8 , 3.9
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2.9¢
- BESTI +-data
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{50 ----- \(4415)

-
‘.,
.
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PRL 115, 011803 (2015)

% 40FBESII e

= [

> L e Background

= 30¢ Sideband

Y 50k w(2s

; 20: W( ) VXCZ

& 10F

> -

LL 02

3.6 3.7 3.8 3.9

Mrecoil(n+n-) (GeV/C )

- Simultaneous fit: 4.36, 4.42, and 4.60 GeV
+ Signal: MC simulated shape

* Background: linear

- M = 3821.7+1.3+0.7 MeV

-Significance: 6.70

‘Both Y(4360) and y(4415) give
reasonable description

17



Y States Investigation

» The observed charmonium-like states Y(4260), ¥Y(4360),
and Y(4660) can not interpreted as conventional
charmoniums.

» New decay modes searching and the line shape
measurement is useful for understanding the nature of
these Y-states.

» Hadronic fransitions (by an n or m° ) to lower charmonia
like J/y are regarded as sensitive probes to study the
properties of these Y-states.

» Nature of these Y-states:
hybrids ?
tetraquarks?
hadro-charmonium?
hadronic molecule? 18



o(e’e” — n J/y) (pb)

Y States: e*e” -> nJ/y

+ The study of hadronic transitions to J/y PRD 91, 112005 (2015)
allows to probe their properties
* BESIII analysis: e'e->n(n)J/y 160
from 3.81 to 4.60 GeV < 20 @ R IR Ty L) i
. £ 180 ) L E :
(17 c.m. pOInTS) E 160 Besm . :;:tcallgﬂrtoundfit E 1225_ Besm :TB:::al:g:lrtound fit
= 140 Jiy sideband = = Jhy sideband
* Unbinned maximum likelihood fit 3 20 2 s0-
- Signal: signal MC shape ® % o %
Gaussian function @ 40 Y i b :
- BKG: 2th-order Chebishev T03 04 %2 03 04 05 06 07 08 09
M(yy)(GeV/c?) M(yy)(GeV/c?)

BES]]I —} Belle

— BESIII(2012)

100

o

8oL 4 This work + Cross section peaks around 4.2 GeV

60 |- HN{ - Different shape if compared

400 to Belle m*n-J/y data

oo [ * JH %ﬁ ']'-l-_l_ - Different dynamic at work in
+.t '}_{-:}']JL 1 .ﬁﬂli} bt ee”->nJ/y and e*e”-> w-J/y

\S)
o

WFT T T T T T

Belle: PRL99, 182004

|II\I‘I\II|IIII|\I
4 45 46 47 BESIII(2012): PRD86, 071101
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y s.rates: e+e- - "+1r-hc E —e— R-scan data sample

Data samples |

Luminosity (pb™)
= =
S <

=
o

= Data samples: it e i 44

= XYZ sample: N L R N N

= 17 energy points from 3896 MeV to 4600 MeV
= total luminosity: 5.26 fb!

PRELIMINARY

* R-scan data sample:

= 62 energy points from 4097 MeV to 4587 MeV
= total luminosity: 0.51 fb-!
= Decay channel: e*fe—n*rh,, h.—>yn. n—X
Xi={pp-bar, n*n'K*K", n*n-pp-bar, 2(K*K"), 2(n*r"), 3(n*n’),
2(n*m)KHK-, KOK* - +c.c., KKt +c.c., KK, pp-
barn®, K*Kn, ntnn, ntnnlnl, 2(n*n)n, 2(n*nrP) }

20



Y States: e+e- -> w*nh,

fit to the cross section

o(m) =

P(m) L_ P(m)
B 5y + B0 (5

-BESIII: R-scan data sample
-+ BESIII: XYZ data sample

Fit curve: Y(4220)

—Fit curve: Total IDRE MINAR‘

y

B{(m). constant width Breit-
Wigner function

P(m). 3-body phase space factor
¢: relative phase between two

- Fit curve: Y(4390)

Dressed Cross section (pb)
|_\
o
o
I|IIIIIIII|IIII|IIII|IIII|IIII|I

resonances )

0 'Y ‘]11
significance of two 50
structures assumption over ET R Y

one structure > 10 &

| M Mev) | T (MeV) | T Br (V)

Y (4220) 4218.4+4.0+0.9 66.0+9.0+0.4 4.6+4.1+0.8
Y (4390) 4391.6+6.3+1.0 139.5+16.1+0.6 11.8+9.7+1.9 3.1+1.5+0.2

21




Observation of a charmonium like structure:
Z.(3900):

PRL 110, 252001 (2013)

+ 2013: 515 pb! @ 4260 MeV

- ee o>t J/y

+ Dominant background e*e—»n*nntn

+ J/vy signal: [3.08,3.12] GeV

- J/y sideband: [3.0,3.06] GeV or [3.14,3.20] GeV

+ Structure seen: Z (3900)* -> m* J/y

22



Dalitz Plots

and 1D Projections

M{z*Jy) (GeVic?)

M(wJly) (GeV/c?)
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100

N A (@)) 00)
o o o o
LI I — I — T

o

The Z_(3900) signal

| Significance

| >80

—4— Data
— Total fit
---= Background fit

-.=. PHSP MC

YV V VYV

== L
3.7 3.8

Mass =

39 40
Moy (T50/W) (GeV/c?)

PRL 110, 252001 (2013)

Couples to cc

Has electric charge
At least 4-quarks
What is its nature?

S-wave Breit-Wigner with efficiency correction
(3899.0+£3.6+4.9) MeV

Width = (46+10+£20) MeV
Fraction = (21.5+3.3+7.5)%

24



Counts /10 MeV

BESIII: e‘e” -> w'nwJ/y @ 4.26 GeV
K. Seth & co. @ 4.170 GeV

2 PLB 727, 366 (2013)
- | Data CLEO-c data (a)
30 ---- Phase Space
- — Fit
25;_ mm J/y Sidebands
20
15 } |
10~
;
3%00 3700 3800 3900 4000 -
Mpnax(*J/y) (MeV)
M = (3885+5+1) MeV/c?
I' = (34%£12%4) MeV/c?
81420 events
6.1c

Events / 0.01 GeV/c?

Events / 0.02 GeV/c?

100

(00}
o

70F
60
50 F
40F
30f
20 14
105/

60

40}

—4 Data

» Besm — Total fit
---- Background fit
==+ PHSP MC

+ [ ] sideband
\

3.7 3.8 3.9 4.0
Mpax (TEJ/Y) (GeV/c?)
Belle +dma

— Fit
— Background

-==- PHSP MC

37 38 39 4 4.1

Minax(md/y) (GeV/c?)




BESIII: Z_ Results

100 BeSIT R o gg; BESI | . 100F BESTL
BRL 110, 252Q01°(201'3) S 700 ), S oo
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PRL 115, 112003 (2015)

Events / { 0.01 )
Events /{001 )

Events / { 0L01 )
B 85 k£ 2 & =

=

26

=

EX ] 4.0 41 14 40 41T

M Jiy) (GeVich) Mir"Jhy) (GeVich) MR Ty (GeVic®)




Baryonic States

- All ground baryonic states are well estabilished
> Good agreement between experimental data and quark model

- The excited spectrum is much less clear
» Many more states predicted than observed

- Insight to hadron structure
Chin. Phys. C 38 090001 (2014)

—
2.5 2.5 .
Up to 2.5 GEV: 23 =
p 2.1 - 2.1
45 N states predicted 2 9| g 19| T Y ==
ﬁ 1.7 ---—- 1.7
15 estabilished % 5| —— 15 o .
—
. 13 1.3 .
10 tentative ' . o .
0.9 L=/ 27

1/2i 3/2! 5/2! 7/2! 9/2! 11/21 y 1/2i 3/?_i 5/2* 7/2i 9/21‘ 11/2t



Missing Resonances

* Many of the predicted resonances were not observed experimentally
» Experimental and theoretical efforts

- Experimentally:

baryon resonances may couple very weakly to single pions

* Theoretically:

the baryon spectrum can be modeled with fewer effective
degrees of freedom (quark-diquark or Y/A-type models)

Relativistic quark model

A-resonance spectrum
Potential model: A

EPJ A10, 395-446 (2001)

3000 _
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: E — _M :3 _Ztiﬂ iuﬁD iyﬂ
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Missing Resonances

* Many of the predicted resonances were not observed experimentally
» Experimental and theoretical efforts

- Experimentally:
baryon resonances may couple very weakly to single pions

* Theoretically:
the baryon spectrum can be modeled with fewer effective
degrees of freedom (quark-diquark or Y/A-type models)

20T N* __D A*
Lattice QCD o =2 1 = i F
arrtice = -
= =n -
1.6-@[' @:5.:5 %[iw:’
= B = —
A and N spectrum sl o = ==
: = = =
S

m_ = 396 MeV

1.0 F

|

Phys Rev D84, 074508 (2011)
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BESIII: Baryon Production

* Charmonium decays offer complementary v JLab, VAMI oto.] ™
information to existing data ‘

» Coupling of unobserved states / / 5 \
: . "

through conventional production

channels could be Small but couplmg BESII| N*
may be large to gggN:

y — NN (n/n/n'/w/e), pZm, pAK

* High statistics available at BESITI g N

30



W(3686) -> pK*Z? and x.; -> pK*A

- Y(3686) -> pK*ZO: first measurement

PRD 87, 012007 (2013)

* X.7 -> PK*A: BR improvement T 5o H BESII
— NO 80_
* X0 -> PK*A: anomalous enhancement 2
60—
close to threshold g
S 40
* Possible reasons: 4 '
- quasi i SPC TP I -
quasi bound dibaryon state i T L
- final state interactions 116 M) (GovieE) 122
- interference of  °% y
5 a s mamsa
: * o si5,,. " :iiig8gal. 0| o
high mass N T oast giiiriiiiaiiOERE °
and A* states  § iiifiiiiiisiaeddn | O
= --r-i oezoE EoBEoggena, 2
L 3F SRR FEH R g
= o LinsipnpiseRRilIRESERR. | g
ghrs -é'g--'fg'f-4j;7'-;"-'5_'5;"'GB€6§]]I O e es e e e T
M2(AK?) (GeV/c?)? M(pA) (Gev/e?)
Channel ' — pKTXY + cc. Yeo— PKTA + cc Yo — PKTA +cc Yoo — PKTA + cc.
B(BESIII) (1.67 =0.13 = 0.12) X 107 (13.2+03+1.0)x 1074 (45+02+04)x107% (84 +03+0.6)x107* 31
PDG (10.2 = 1.9) x 1074 (3.2+F1.0)x 1074 (9.1 =1.8) x 1074




Events/(25MeV/c?)

- BR first measurements:
B(w(3686)->AZ*m+cc) = (1.40+0.03+0.13)x10-4
B(p(3686)->AT-m+cc) = (1.54:0.04:0.13)x104 o
_ B((3686) = AS " 7")
B/ — AX"77)
PWA used to determine

- Includes 16 possible intermediate

70
60
50

40F

30
20
10

Q,f\i_ T

W(3686) -> AZiw

+

PRD 88, 112007 (2013)

detection efficiency

excited states with at least two stars
according to the PDG, with parameters
fixed to world averages

M(AT)(GeV/c?)
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W(3686) -> (YKA=:

PRD 91, 092006 (2015)

Decay Branching fraction
w(3686) — K-AET (3.86 £ 0.27 £0.32) x 107> C
w(3686) — Z(1690)" =, (5.21 £1.48 £0.57) x 10°° -
E(1690)” — K-A o [
w(3686) — Z(1820)"=", (12.03 £2.94 4+ 1.22) x 10°° § 36k
E(1820)" — K°A o I
w(3686) — K~ XV=F (3.67 £0.33+0.28) x 107> 9 [
w(3686) = vx.0. Xeo — K-AZET  (1.90 £0.30 £0.16) x 107 o -
w(3686) = vy.1, xer — K-AZT (1.32£0.20£0.12) x 107 Ig 3.5
w(3686) = vy oo — K-AET  (1.68 £0.26 £0.15) x 107 A [
Yo = K~AZT (1.96 £0.31 £0.16) x 107* E -
Yoo = K-AET (1.43 £0.224+0.12) x 10~ i
vy — K-AET (1.93 +0.30 = 0.15) x 10~ 341

&
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" 3 :
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- ¢ h
I THMEEMEEPEEE B BRI B

1.2

1.3 1.4 1.5

M(YA) (GeV/c?)

+ =(1690) and =(1820) observed in M(KA)
* Both are well established states
Resonance parameters consistent with PDG

2(1690)~ 2(1820)"

1

27.1+£10.0+£2.7

T T T L] L] T I L] L]
0f-4.90 620  BESIL:
f':]&i | _ . 1
z o A=
= 20 | 4 .
< B -
= r i
S F o1 ]
5 10f bacs : o Mvev/e)
o 10 1 = ! 8 aflinrsa ev/c-
> -[F A L _—— S I(MeV)
= - ! '?“l ¥ !.!_ 2 i |! ; ' i Event yields
; $" i : ! i i Significance(c)
! Efficiency(%)

M(-K'A) (GeV/c?)

B(1076)

[ppg(MeV)

Mppc (MeV /c?)

1826.7£55+ 1.6
544 +£157£42

687.7£3.8=+=1.0

74.4 £21.2 136.2 +33.4
4.9 6.2
32.8 26.1
521+ 1.484+057 1203+£2.94+12233
1690 + 10 1823 +5
<30 2470




- Intermediate state

N(1535) -> pn is dominant

- No evidence for a pp resonance,
indicating that the threshold
enhancement in previous results
may be explained by interference
between the N(1535) and phase space

Mass and width of N(1535)
» M = 1524 + 571° MeV/c?
e = 130721 35 MeV/ 2

PDG value:

» M = 1525 to 1545 MeV/c?

w(3686) -> ppn

032010 (2013)

s ., BESI

Events/(25MeV/c?)

Events/(25MeV/c?)

M (GeVic?)

Events/(25MeV/c?)

24 26
2
M_(GeV/c?)

» [ =125 to 175 MeV/c?

B((28)— N(1535)5) X B(N(1535)— pm)

N

obs

g Nyas) - Blp—yy)

_ B(y(2S) — ppn)

2 0 02
cos(6,,)

QP}'_JTJ'

=(52%20.3733) X 107°

B/ — ppn)

— (3.2 +0.4)%
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¥(3686) -> ppn®

PRL 110, 022001 (2013)

* In photon or meson beam studies, isospin 1/2 and

3/2 resonances are excited, complicating the analysis

200 = e rxl‘{14j40) I B-GS]]I n
» A resonances suppressed in charmonium decays to " — N(1520) @
= i i — N(1535)
ppmP, giving a cleaner spectrum g 1o W —-Naeso) L .
. = 1 . il
- Thought to be dominated by two body decays = ; ' : |
. . . . < 100 | .
involving N* infermediate states 2 : 4 | '
- Also consider pp resonances (y(3686) — Rm©) = b ST | T L
. . . e R N
- Seven N* states observed in partial wave analysis i PR s et iy
- Two new resonances, N(2300) with JP = 1/2* and " s f.;,oz_ ”
M GeV/cT)
N(2570) with JP = 5/2- | I _
: : : : 200 e NOUO) BESIT o
- Other five consistent with previous results — NIT20) ®
0 N(2300)
< 15 --=N(2570) |
Resonance M(MeV/c?) T (MeV/c?) AS AN, Sig. 2
N(1440) 1390111730 340140470 725 4 1150 2 10 -
N(1520) 151005550 11553970, 198 6 5.00 : .
N(1535) 1535915 12072010 494 4 93¢ S n B 2
N(1650) 16507371 15073t 821 4 1220 [t e
N(1720) 1700372 45000440 556 6 9.60 ’ 13 20 3
N(2300) 23007407109 349730110 9207 4 15.00 Mo GV
N(2570) 2570719434 250414460 789 6 1170 35




w(3686) -> ppag(980)

- First observation of J/y — ppag(980), as(980) — mn PRD 90, 052009 (2014)

- Applies a chiral unitary coupled channel approach swEBESTT 44+ I
- Four-body decays J/y — NNMM Ly
- a5(980) generated through Final State Interactions E 5
= 300
- Provides useful information on dynamics of s |
four-body FSI processes g 2o
=

Br(J/y — ppay(980) — ppa'n) )
o
— (6.8 +1.241.3) x 107
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C 18
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J/w(w(3686))

* First observation of y(3686) into 2(1835) states

- Single fag method
* BR and angular distribution investigations

* Most precise measurements available

—-=+

* and Z(1385)°Z(1385):

PRD 93, 072003 (2016)

2(1385) 2(1385)

2(1385)+z_(1385)-

4000 — 6000
I- ] r--
3000 3500 L .Ih. W AT(1385)" = b ahyontaT(138s)
™ o~ = E e~ 5000 - =]
[3] (3] 3 (3] =
2500 = 3000 (b) %Jw {1530/ = 5 %J"‘P PE(1530)E +
[:F] [:F] 3] @
=000 = 2500 4 =40 .
w (=] ] (=]
J/kp i 32000 B Sa000
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3 81500 = 3
S1000 E £ 2000
BESI |
500 sook= E 1000
L e i et L LT B s I Ot SR ks ETOYY e
£3 TR VT B TR T T S T T P30 155 140 as 150 155
il il 2
M,’,"'f"' (GeWc ) MY (GeVic?)

BESTL

| L |
1 35 1 40 1 45
recml (GGV.’CZ)

Mre coil
A

1.50

| |
1.35 1.40 1.45
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L
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J/p(w(3686)) ->

* and Z(1385)°Z(1385):

o
12% rule PRD 93, 072003 (2016)
== ¥ (1385)Z(1385)" ¥ (1385)*Z(1385)
() o o
26.73% 7.76% 6.68%
Branching Ratios

Mode J/y — w(3686) —

= EF >(1385)"Z(1385)"  £(1385)FZ(1385)" ==t T(1385)"Z(1385)T X(1385)7Z(1385)"
This work 1040 £0.06 £0.74 1096 £0.12£0.71 1258 £0.14 £0.78 2784+ 0.05+0.14 0.854+0.06+0.06 0.84 £ 0.05 £ 0.05
MarkI [5] 14.00 £ 5.00 <2.0
MarkII [6] 11.40 £ 0.80 £2.00  8.60 £ 1.80 £ 2.20 1034+24+2.5
DM2 [7] 7004+ 0604120 10.00£040+£2.10 11.9+£04+25
BESII [8.12] 9.00 £030£1.80 1230£0.704£3.00 1504+0.8£3.8  3.034+0.40 £0.32
CLEO [9] 2.40 4 0.30 £ 0.20
BESI [26] 0.94 4+ 0.27 £ 0.15
PDG (3] 8.50 4 1.60 10.30 + 1.30 10.30 +1.30 1.80 4 0.60

Angular distributions

Mode J/y — w(3686) —

=B >(1385)"X(1385)"  X(1385)7X(1385)” =ET X(1385)"X(1385)F  X(1385)+X(1385)”
This work 0.584+0.04+£0.08 —0.584+0.05+£0.09 —049+0.06+£008 0914+0.13+0.14 0.644+0.40+027 035+£03740.10
BESII [8] 0354£029+0.06 —0.544+022+0.10 —0.3540.25+0.06
MarkIII [6] 0.13 £0.55
Claudson 0.16 0.11 0.11 0.32 0.29 0.29
et al. [10]
Carimalo [11] 0.27 0.20 0.20 0.52 0.50 0.50




Summary

- Huge statistics

J/y, w(2S), y(3770)
XYZ studies
R scans

* Near future

collect data at higher energies to complete scans
higher luminosity expected from BEPCII

analyse the full data sample

many PWA to be completed

- Stay tuned for new resultsl
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BESIII Detector

TOF: EMC: CsI crystals, 28 cm
or= 80 ps Barrel AE/E =25% @1 GeV
110 ps Endcap c,= 0.6 cm/\E

/ Magnet: 1T Superconducting

MDC: small cell & He gas

.\
S % 130 um
‘t‘!’:?: e Yo ik ehontnt el Bhirps TR 2 c./ p = 05% @1GeV
t - | dE/dx = 6%

Muon: 9 layer RPC

5100
(2373)

,‘mlm

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s 41

Zero Degree Detector (ISR)



BESIII Production of Charmonium(like) states

3773 4040 4415 4600
1.3 X 10° 8
0 X 10 2.9 iy LOSbeLlfbl 0.5 iy
7 ﬁ\& Y | T | I

5 J /1 P (285) . PDG
6 | A Mark-1 . ‘ —
- Mark-I1 + LGW i ’
- Mark-II Y1010 T ,(./94415 .
5 :— : PLUTO ?{’sm ‘ | [ *:4._.[11 | { | I —:
- O DASP | UL 2 %G .
4 b . Crystal Ball { .J%} i VI”-J'IWJ“I A 'P o
= * BES U S TN 1 T o
B N |‘ ﬁl : | % ] ﬂ| of el ‘ | ! i
3 |- A IR O A TAAL . LA -
S Mluw Mi“‘% ;
2 |- - — - - - ) |_ — oy i _|
: ] | ] | | ] | | | ] | k ] | :
3 3.5 [ 4230 + 4260 4.5 4360 -

2.3 fb! 0.5 fbl

3554 MeV: 0.024 fbl T mass
4100 + 4400 MeV: 0.5 fb! coarse scan
3850 = 4590 MeV: 0.5 fb1 fine scan

BEPCII can reach herel
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» Charmonium decays offer complementary v, JLab. MAMI etc.

BESIII: Baryon Production

information to existing data

LZZ :
* Coupling of unobserved states / / | :
through conventional production N

[

|

|

channels could be small, but coupling SESII N
may be large to gggN: —
y — NN (n/n/n'/w/g), pZm, pAK
» High statistics available at BESTII .
g — ———— ( 3773 |
] | 5X10%ea g fpi From PDG
6| T Mark T —__ =
13X 10° || | ekl | {4415
R e PLUTO b . -1
R - © DASP | 5 ,II :lfb
4 | ¥ Crystal Ball ] ":' o
E ‘ * BES gl . 54600
s e T _05fb!
SN SRR TR Rk z
2 | — ] ' L :
Rscan =~ 3 35 93fp _ £}43
1.3t | BEPCIT can reach herel!




Observation of two structures In

e‘e —>n*nh,



PDG2014

Mass [MeV)

4700

Thresholds:

1, (15)

Introduction

TR

THE CHARMONIUM SYSTEM

X{4660)

wa43)
38

K260 | \mm

w{4160)
w(4040)

__vem)
w(25)

R
n

TR

o
1

Iy (18)

Vector charmonium
like state (¥s) above
charm threshold:

= relatively narrow

. * large coupling to
hadronic transition

= small coupling to
open charm process
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Introduction

: —e— Belle: p*pJly PRL110, 252002 (2013)
N PRL111, 242001 (2013)
PRL107, 041803 (2011)

o
o

T BESIII: p*ph,

CLE: prph, ””

= w*rh, first observed at
CLEO-c at 4170 MeV

= Previous measurement
up to 4420 MeV shows

(@]
o
T

Born cross section (pb)
N S
o o
e T T T
——
——
——
—e—
——
A
}_._{' ol ——
——
——

different line shape of n*n i ol i

h. cross section N { i { i i ] HI}}I}%
comparing to that of n*.~ [ L 5o
‘]/\V 39 40 41 42 43 44 45 46 47

Ecu(GeV)

= Resonance around 4230
MeV In efe—my, Cross
section at BESIII

PRL114, O9200i(2015)

60
40
20

O§ / -

-20

s(e+e'—>wcco) (pb)

400 e e e L
2.15 4.2 4.25 4.3 4.35 4.4 4.45 4.5

\s (GeV) 46



Signals In data
(4415 MeV as example)

3.2 l
1403—
3.1 0 o7
S 120F
30 2 100F
3.0 8 -
o 80f
20 T -
) 2 60
E ¢
2.9 10 2 40k
20F
2:?48 350 352 354 356 358 3.60 0 T

C 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
P48 350 352 354 356 358  3.60
I\/Ighc(GeV/Cz) My, (GeV/c?)

Number of signal events extracted from n*n- recoil

mass spectrum:
= XYZ sample: fit to the mass spectrum
= R-scan sample: calculate by counting the entries in h, signal

region and the entries in -



O-dressed _

250

N
o
o

[N
o1
(@)

100

(o)
o

Dressed Cross section (pb)

o

o
=)

Cross section

Nobs

LA+ 8) ¥, B, ~ X)B(h ~ yn.)

i=1 "1

-- BESIII: R-scan data sample ]
-o- BESIII: XYZ data sample

— @W
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Systematic uncertainty

Cross section measurement

Total: 15.2%-18.0% depending on CM energies
= Luminosity:
Branching fraction of h.—yn,:11.8%
Detection efficiency and branching fraction of n. 6.4%-9.1%
= efficiency: 5.5%-10.8%, depend on the n. decay modes and
CM energies
ISR correction factor: 0.1%-2.0%
Number of signal events extraction: 2.0%-10.0%
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Systematic uncertainty

Parameters of the structures

B Y (4220) Y (4390) 4 (cad)
M MeV/c®) T (MeV) T V)| M MeV/c?) T (MeV) T (V)
CM energy'?) 0.8(0.1) —(0.1) —(0.2)| 0.80.1) —(0.2) —(0.3) |—(0.1)
CM energy spread 0.1 0.3 0.3 0.1 0.1 0.7 0.1
Cross section!(2) 0.1(-) —(=) 02007 0.6(-) 0.5(—) 0.4(1.7)]0.1(-)
Total 0.9 0.4 0.8 1.0 0.6 1.9 | 02

measurement

measurement for R-scan data sample

measurement which are different in each energy point

measurement which are common in each energy point

CM energy!: systematic uncertainty of center-of-mass energy
CM energy?: assumptions made in the center-of-mass energy
Cross section!: systematic uncertainties of the cross section

Cross section?: systematic uncertainties of the cross section
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summary

» Cross section of e*e—»n*n"h, has been measured at 79
energy points from 3896 MeV to 4600 MeV

» The cross section drops in high energy region, likely two
resonant structures

= The significance of the two resonant structures assumption over
one structure is larger than 10c

= Parameters of the two resonances are different from those of
Y(4260), Y(4360), and the w(4415)
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