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Beijing Electron P05|tron Collider (BEPC)
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BEPCII
(Beljing electron-
positron collider)

! ll : Founded 1984, Ecm= 2 5 GeV
B - 1989-2005 (BEPC):

L cak=1.0x10%1 /cm?s

| « 2008-now (BEPCII):

L eak=1-0x10%%/cm?s
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BEPC II: adouble-ring machine

7 RF... R Beam energy:
2 - g S3:a 1-2.3 GeV

~ Luminosity:
N 1%10%3 cm2?s-"
Compton back-scattering \ (reached the

for high precision beam “ designed target
energy measurement ? this yearl)

.Jt Optimum energy:

1.89 GeV
Energy spread:
g 5.16 x104
« No. of bunches:
93
l" Bunch length:

1.5cm
BESIII is here /4 Total current:
4 0.91A
‘ SR mode:
T2 0.25A @ 2.5 GeV
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Magnet yoke SC magnet, 1T

u Counter

Be beam pipe

A total weight of
730t, ~40,000
readout channels,
data rate 6,000Hz
~50Mb/s

MDC, 120 pm

4o Csl(TI) calorimeter, 2.5 %@ 1 GeV,



11countries
58 institutes
~450 members




BESII| data samples

Note that luminosity is lower at J/v, ‘
and machine is optimal near y" peak

4000000 r 201 2:
Integrated lum.: Jan. 2009- June 2014 v & J/y

= gbout 9 fb! @ different energies [0.35B & 1.0B]
Note increase in slopes! /
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Outline

Exotic states
The X states
The Y states
The Z_ states

Summary



What’s exotic state?

= (Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model:

meson : i ! baryon

= QCD predicts the exotic state:

Multi-quark states: (N >= 4) Hybrids: qqg, qqqg... Glueballs: gg, ggg
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Multi-faces of QCD: Exotic hadrons

Hybrid Glueball Tetraquark Pentaquark
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Hadronic molecule
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Deuteron: p-n molecule

Evidence for QCD exotic states is a missing piece of
knowledge about the Nature of strong QCD.
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New charmonium-
like states, i.e.
“XYZ” states, are
observed in
experiment
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GeV A :
All these happen in 4.0-4.7 GeV
4 .80 |
o as2) *Need data to develop theory.
aq0L  TEEEes
. 3p,(4. 2'0,(4.21) 23Dy(4.21) 2°D3(4.22)
3l {4.06}2____&:&.]]9 3}] !3F2f4.09) o 'F5(409) I=F3{4.|0}f
4. O O ;__j"-—'///////// 21p, (3.96) 2'P0{3.92} 2%, (3.95) 2%p,(3.98)
13p,(3.82) | I'D,(3.84) 1°D,(3.84) 13D,(3.85)
2351368) Hybrids ~ 4.2-4.5 GeV
'S,(3.62) ddisislss 3
3.60p7%7 iR ppo[a’“)l’ma.sn LR35 Tetraquarks ~ 3.9-4.7 GeV
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QCD just require hadrons to be colorless, and allow exotics.

Such exotic states exist ?



The X states



X(1835) review

€ Observed in J/Ap—yn’nn at BESII in 2005
€ Nature unclear, interpretations include pp bound state, excited 1°, glueball
€ Confirmed in JA)—yn’n'n at BESIII

€ Angular distribution consists with pseudoscalar, but other spin-parity assignments

not excluded

225 million J/y events PRL 106, 072002 (2011)
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X(1835) review

€ Simulated by pp threshold enhancement X(pp) in JAy—ypp
€ Results in the observations of X(1870) in J/p—o(nn*n) and X(1840) in JAp—y3(n')

€ Are these states observed around 1.8 GeV/c? from the same origin?
€ Further investigations on different production and decay mechanisms, precise physical
parameters measurement are necessary

Possible channels: Jiy — y/ o/ ¢ + nOnn / KKn / KKn

<3300 T K 3
250 %250;—
- X(1840); J° unknown (this resul®) 88, 091502 (2013) Eeuo
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2 150 B X@P): S =0 (Ret. [15] PRL 108, 112003 (2 ; 3
< - +  x(p10); = 0° (Ret. [16)) PRD 87, 032008 (2013) . IS T
< 100}— 1.6 1.7 1.8 1.9 2 2.1
= E ) M(3(r1)) (GeV/c)
- LOOME ~
50 ~ i T BIDE 4
: L : o e |
[ 1 1 L1 1 1 1 11 1 1 1 'r___} 3 ﬁnﬂ S U L T i,
g 1800 1900 1950 Il 8 BI0E o N
(MeV/c?) = = 40E o 3
= g e -
E .-5 Wi iy, O — H fgg: it '{\ -/\ E
= B i T i 3. -

0.0 0.1 0.2 0.3
MPF—Zlnp{C‘-eV.’cE)

M, +n— (GeV/c?)



Observation of X(1835) in J/y—yK.Kn

1 3 bllllOIl J/\|1 events PRL 115 091803 (20 S)

O Why this channel?
- Unlike J/ip— yK*K™1, no background

from two potential but forbidden channels > 400'

of Jip—KKn and Jp—K K nm®

O Clear structure on mass spectrum
of K.K.n around 1.85 GeV/c?

O Strong correlation with the

enhancement near K K  mass
threshold (interpreted as £,(980))

O Structure 1s enhanced for
M(KK) < 1.1 GeV/c2
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Events / 3 MeV/c?
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151

B 0.6
—+ Data -
— Total fit O5F
=== Background - 0_4;

ete” »yX(3872)>yn*n-Jd/vy

3.85
M(rr J/y) (GeV/c?)

M = (3871.9+0.740.2) MeV, I'<2.4 MeV, Significance:6.3c

0.3
0.2F

0.1F

oB(YX(3872)—=yr'wJ/y) (pb

Tl
R 1 1

—4— data

— Y(4260)

-—- Phase Space
--- Linear

i 41

22 a3
Ecm (GeV)

production in Y(4260) decay suggestive, but not conclusive

BIY (4260)—~ X (3872)]

B(Y (4260)—nmt7w—J/1)

0.1
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Whether from Y (4360) or y(4415)
decay

Favor the Y(4360) ? [M. B.
Voloshin, PRD 91, 114029 (2015)]

Y(4360)>n*nX(3823)? New
decay model of Y(4360)?



Good candidate for y(13D.,)

Mass: D-wave ~3.810-3.840 GeV by potential model.
X(3823) mass agree with y(13D,) prediction.

Width: narrow
X(3823) should be narrow (<16 MeV @ 90% C.L.).

Production ratio:
R=B[X(3823)2>vy,]/B[X(3823)2>vy]<0.43 @ 90% C.L.
Agree with prediction R~0.2.

Exclusions: 11D,y forbidden; 13D,2>yy ., amplitude=0.

20



The Y states

(vectors)



Study of J/¢y — mém*n

based on 0.225 billion Jp events

PRD 91,052017 (2015)

26 . i i
[ c88sss382sosasipoasdicasggas
= [Sl= == == = W == O S o oo ooooOoao
» Y(2175) was observed by BABAR, then confirmed by BESII, 2.4 :555::888558885RRAase858¢:
BELLE and BABAR; o | ©5c55538ECEEEEERaREqEnssT
> 2-2 __ Deoooo cooooogOory E =]
® [ . 2ccacscoobonoaHEaEc A
 brfferont . S | HifiEisEiiidie
» Different interpretations have been proposed: — B 2585828252E 24 (¢)
- , . = [ 222593E53E50080
ss -gluon hybrid? excited ¢ state? B 18| ©£2555838B85 Y
tetraquark state? AN bound state? = | cceccosnoe-
an ordinary ¢f,(980) resonance produced by FSI? 1.6 [ s:s5a:°”
L4l e——
» Confirmation and study of the Y(2175) with a large data .

. r e . M(r*n” V/
sample is necessary for clarifying its nature. (') (eV/c?)

140 ;—Y(2‘|75) S %oc' ---. backgrounds
. . 120 [ riangle: 2D-sideband ejents
Product branching fraction of Y b t ETT' ZD t
Jhp—=nY(2175), Y(2175)—~ ¢f,(980), f,(980)—~mm is s | +
measured to be: (1.20 £ 0.14 + 0.37)x10"4 S of N
|.;§.| 40 |-
20 |-
Mass and width are in agreement with previous measurements -

2 2.1 22 2.3 2.4 25
Collaboration Process M (MeV/c?) ' (MeV) M(o f0(980))(GeV!c2)
BABAR 2] ete” - ¢fo (ISR) 2175+ 10+ 15 58 +16+20
BESI [3] Jw = ndfo(980) 2186+ 10+ 6 65+23£17
BELLE [4] ete” — ¢fo (ISR) 2079 + 1313 192 £231%
BABAR (updated) [5] ete™ — ¢fo (ISR) 2072+ 10+ 8 96+ 19£12

BESIN J/w = ngf(980) 2200+ 6+£5 104 £15£15




Events/{(0.005 GeV/c®)

Events/{(0.005 GeV/c?)

efe 2y Y (4230)7]

PRL114, 092003 (2015)

: 100

16 =
14 . 3 -
12 |
10 &80 - —4 Data
8 L —_—
6 = 60 |- Resonance
4 =2 n - - Phase Space
2 — [
0 - % 40
325 33 335 34 345 35 53 B 1

M(rn) GeV/e? S i I
8F —— 3
TE o] OF
g- B
2k 20
3k B
2 -4[1_"""""'"""""""""""'
Er L 415 4.2 4.25 4.3 4.35 4.4 445 4.5
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M(rn) GeV/c? M(K*K) GeV/c? s (GeV)

* Using scan data over 4.21 and 4.42 GeV, e+te-2woy, ., are
significant @ E_,,=4.23 & 4.26 GeV.

* Cross section peak near 4.23 GeV, fit with BW yields
Mass=(4230+8+6) MeV, Width=(38+12+2) MeV.

A new structure? Tetraquark [PRD 91, 117501 (2015)]?
Threshold effect?
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« Clear y,,%.; are observed at Vs=4.42, 4.6 GeV, respectively
» The Born cross section have been measured for e*e” -y, ,
* o(e*e” >wy,,) Is fitted with the coherent sum of the y(4415) BW function

and a phase-space term. Two solutions are obtained:

--=- destructive

Phys. Rev. D 93, 011102 (2016)

constructive,
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No significant e*e- 2 yY(4140)
Upper limit at the 90% C.L. for ¢? - B = 68 (ete™ - yY(4140)) - B(Y (4140) - ¢J /)

4.23 1094 0.840 <0.35

4.26 827 0.847 <0.28

4.36 945 0.944 <0.33
Systematic uncertainty is considered. 4.: 5 =

~Sum of all data sets %

oB(ete™ > yX(3872)) - B(X(3872) » ntn~] /1) 420y
= 0.2740.09(stat) +£0.02(syst) pb at v/s= 4.23 GeV, mH
= 0.3340.12(stat) +0.02(syst) pb at /s = 4.26 GeV.

%1 415 42 425 43 435 4.4

Take B(X(3872) » n*n~] /) = 5%. arXiv: 0910.3138 Mo Jh) (GeVic?)
And B(Y(4140) — ¢J /) = 30%, molecular calculation, PRD 80, 054019.

Compared with X(3872) production. PRL 112, 092001

Events / 0.003 GeV/c?

Bio+,—_,
o (e e yV140) (1 at /5=4.23 and 4.26 GeV.

o(ete —>yXx(3872 il




e‘e—>n*n"h, line-shape

2

’P(m) - ,P(m) 2
a(m) = |B (m) + €l¢B (m) 250 - BESIII: R-scan data sample
! P(M;) ? P(M,) [ eBESHL XYZdatasamplIe)
:Eh 200; —Fit curve: Total
. . . E - Fit curve: Y(4220)
B.(m): constant width Breit-Wigner g U - R Vo)
function £ 10 ]
o
P(m): 3-body phase space factor 3 oF Hm [ Ak
f: relative phase between two £ oo 4 M i
resonances sof MR
1 13.91 - 14.01 - 14.11 - 14.21 - 14.31 - 14.4 4.5 4.6
Is (GeV)

significance of two structures
assumption over one structure

>10.00

.-Br (V)

4218.4+4.0%+0.9 66.0+9.0+0.4 46+4.1+0.8
4391.6+6.3£1.0 1395+16.1+06 11.8+9.7%+19 3.1+15+0.2

Y (4220)
Y (4390)
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Observation of e*e~ 2> nJd/vy

., PRD87,051101(R), 2013

100
80
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201

. oo fomeife 4 75
Y(4040) and Y(4160) with interference

0

40F
20
oLt

PRD 91,112005 (2015)
- —+ Belle
- ! BESIII #012)

T
Ml Hﬁﬂ i

el 1 | -]-"l'-l-l-l-l'l‘

]UT [ *1 PR

38 39 4 41 42 43 44 45 46
\s (GeV)

» Agree with previous results with improved precision

» The cross section peaks around 4.2 GeV

» Analysis of high energy points underway at BESIII



Observation of e*e~ 2> n'J/vy

. | BESIII | |
.............. .............. | Pr'e!iminqr'y @

....... *_{ .._

" 4.23GeV: 6=31+0.6+03pb
. 426 GeV: 0=3.9+£0.84+0.4 pb

—
o

I'I"IIII'I'IITTIIT'IIITTIIIT'I

an

o

Born cross section (pb)
én

-10

snnmmnnanngds

415 42 425 43 435 44 445 45 455 4.6
E.m. (GeV)

» First observation, cannot tell the line shape due to statistics



Events / 0.005 GeV/c?

Isospin violation Y (4260)> nnJ/y

\f 4.230 Gey+Daa

— Sideband

Events / 0.005 GeV/c?

Al

3.05 3.1

3.I 15 3
M(I'T) (GeV/c?)

I = 4.260GeV + Daa

Sldeband

[

opem(e’e->nn®J/y) (pb) at 90% C.L.

TR R
4.2

T NI NI I R
43 44

4.5

E..(GeV)

Vs (GeV) L (pb™1) (146") (146Y) (e°Bre® + e Brit) (%) N NV Nup gform (ph)

4.009
4.230
4.260
4.360
4.420
4.600

482
1007
804
5923
1023
567

0.838
0.844
0.847
0.942
0.951
0.965

1.044
1.056
1.054
1.051
1.053
1.055

2.1 +0.1(sys.)
2.2 +0.1(sys.)
2.2 +0.1(sys.)
2.2 +0.1(sys.)
2.3 £ 0.1(sys.)
2.4+ 0.1(sys.)

5

Sy v

1

598.1
592.9
654.1
283.2
342.7
418.4

3.6
1.7
2.4
1.4
0.9
1.9
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What are the Y states?

.
e * L 4
* *
* *
*
> *
& *

4700 & Y(4660)

3 \ 25+1
; . n L
L . ;
450(:} w(4415) =
: Y(4360)
4300 - Y(4260)
" w(4160)
¥ 4100 m" — \p(404005
S 3900 - “.'t “" s /2 (23P2)
)
s y@770)
3700 __ﬁc_(z‘},.s_o) ______________ (._238._1)_ _______
: % (1F,)
3500 - he (1°P,) X1 (1°P)
Yoo U]
3300 -
3100 - n_(1's,) Jhy (1°S,)
2900 - | | - —
g = J g™

Between 4 and 4.7 GeV,
at most 5 states
expected (3S, 2D, 4S,
3D, 5S), 7 observed
Hybrids are expected in
this mass region

Molecular states?

Cannot rule out
threshold effect/FSI/...

The Ys are all narrow
and similar

n*nh,, oy, -.. add
complexity



The Z_ states



Discovery of Z,(3900)+

Z.(3900)*:
m = (3899.0 & 3.6 £ 4.9) MeV/c?
I' = (46 & 10 £ 20) MeV

Mass close to DD* threshold

Decays to J/wy - contains cC
Electric charge = contains ud

Events / 0.01 GeV/c®

100

80F

BESIII: PRL 110, 252001 (2013)

3.7 3.8

—+— Data
— Total fit
---- Background fit

-.=- PHSP MC

3.9 4.0

M, (TJAy) (GeV/ic?)

glete” = wtrJ/1] =629+ 1.9+ 3.7pb at 4.26 GeV

olete™—n*Z.(3900)F »nta—J/y]
olete=—ntm—J/1] R

Belle with ISR data (PRL 110, 252002)

70 F
B

50 ; BELLE
= /]
— "1 - N

60
a0F
30F
20

Sarday
10

o 3.7 3.8 3.9 4

Max(mdly) (GeV/c?)

Events / 0.02 GeV/c?

(21.5 + 3.3 £ 7.5)% at 4.26 GeV

CLEOc data at 4.17 GeV (PLB 727, 366)

Counts /10 MeV

35

{ Data
30 ---- Phase Space
- — Fit

25 - == J/v Sidebands
20
15 | )
100 :

SEL¥ L*

o=,
3600 3700 3800 3900 4000

Mpmax(t=d/y) (MeV)
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What’s the nature of these Z states?

- At least 4 quarks, not a conventional meson

 Tetraguark state?

Phys. Rev. D87,125018(2013); Phys. Rev. D88, 074506(2013);
Phys. Rev. D89,054019(2014); Phys. Rev. D90,054009(2014): etc

. D™ D™ molecule state?

Phys. Rev. D 89, 074029 (2014): Phys. Rev. D 88, 074506 (2013); etc ..

Phys. Rev. Lett. 111, 132003 (2013); Phys. Rev. D 89, 094026 (2014)
e FSI?

» Cusp?



We found more questions to answer

e |n the X sector

— Where the X(3872) & X(3823) come from? Resonance decays or
continuum production?

— May other X states be produced and where?

 Inthe Y/y sector
— Is the Y (4260) a single resonance?

— What is hidden behind nh.? Large coupling to spin-singlet, is a
hybrid state observed?

— Correlation between charm production & charmonium
transitions?

— May we observe the charmonium 33D, state at ~4.5 GeV?
* Inthe Z sector

— Are the Z_and Z_’ from resonance decays or continuum prod.?
— Are there excited Z_ states and Z_ states [D*D, or DD *]?



Summary

BESIII produces significant XY Z results...

X & Y states are difficult to distinguish from
normal meson, charged Z, states provide solid
evidence.

Many neutral Z_ partners are observed, the
corresponding Isospin triplets are established.

Quark composition for Z_ is still puzzling.

More results are coming, we would finally
understand them.

Thank you (i#ia)! -



