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BEPCI| parameters

Beam energy:

1.0 - 2.3 GeV
=%‘=-"~"&?—=a\\\ Design Luminosity:
SN 1x103%3 cm2 571
R (0.8x1033 cm=2s1)
‘;‘g Optimum energy:
e 1.89 GeV
T =T ° ' No.ofbunches:
,%' & T~ ' 93
T % I :f Bunch length:
,;'_; 1.5 cm
l P Total current:
7 091A
TIr s m———cwsF SR mode:

0.25A @ 2.5 GeV



SC magnet

Magnet Yoke

BESIII detector
and it’s performance

TOF

Be beam pipe

MDC

S

-~ CsI(T]) calorimeter .

MDC Momentum resolution 0.5%@1GeV

dE/dx resolution 6%
EMC Energy resolution 2.5%@1GeV

Spatial resolution 6 mm
TOF Time resolution  Barrel 80 ps (Bhabha)

Endcap 110 ps (Di-muon)

MUC 9 layers RPC, 8 layers for endcap
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BESIII Collaboration

SESII

Political Map of the World, June 1999
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Netherland: KVI/Univ. of G-ronlngep_“' Zhongshan Unlv Shanghal Jiaotong Univ.
Sweden: Uppsala Univ. = ‘Shanxi-Univ., Slchuah ‘Univ,, Univ. of South China
_Turkey-Turkey AcceleratorCenter.. = Hunan Univ., Liaoning Univi, Beihang Univ. |
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T - S —

. ‘Nanjing Univ., Nanjing Normal Univ. _
“ GuangX| Normal Univ., Guangxi Univ.
“"-Stzhou Univ.;;Hangzhou NormalUniv.
*Lan'zhou Univ., Henan Sci. and Tech. Unlv
~350 members : HongﬁKong,Univ., Hong Kong Chinese Univ.

53 institutions from 11 countries : :,_-__~_;~.-
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Production of charmonium(like) states

7 B | I | | I | | | | | | | | | | |
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Vector /Y states can be produced directly
C-even states can be produced from radiative transitions
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Data Samples

[ 1.3x10° 5x108

7 B | N | | | ] | A | | | | | | |
: JI/? V(25) [ 4415 ] 4600

6 |- A Mark-I 1 fb-1 0.5 fb-1
. Mark-I + LGW
5 W Mark-II ‘ ¢4415

> e PLUTO |
5 O DASP

4 % Crystal Ball
B * BES

N
]
1

N M T ) T N N

R scan: 19 point, 2 -3 GeV, ~ 0.5 fb-1; 104 points, 3.85—4.59 GeV, 0.8 fb-1
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MASS [GeV/c?]

Physics at BESII|

Ty - e Charmonium(-like) physics:
AT el1S0) e . - XYZ
Y(4360) =
c2 2
Va0 | <P @l . - Spectroscopy
4.2 - . iti
Lt . . transitions ?nd decays
 Light hadron physics:
e L wEs)
40 - [ne8'So)| . - meson & baryon spectroscopy
ne@Py T . - glueball & hybrid
38 - 700 [xeo(22P)| | - two-photon physics
o s . - e.m. form factors of nucleon
s
36 | (@S0 e Open Charm physics:
Xez(1%P2) : . :
he(17P1) Xe1(1°P1) . - (semi)leptonic + hadronic decays
34 L . - decay constant, form factors
. - CKM matrix: Vcd, Vcs
30 L — . - DO-DObar mixing and CP violation
: predicted, discovered f bdd d
. - n
predicted, undiscovered £ re/ i I_ 2 ecays
30 * QCD & Tau physics:
e m unpredicted, discovered A
. - precision R-measurement
O+ 1= 1+ 0= 1= 2% . - Tau decays and tau mass scan
JPC

e ...and many more.



Light hadron spectroscopy

* Multi-quarks states, glueballs and hybrids have
peen searched for experimentally for a long time,
but none have been established.

* In the past several years, a lot of unexpected
experimental evidence for hadron cannot (easily)
be explained by the conventional quark model

 Established the light hadron spectroscopy

* Search for non-conventional hadrons



Meson spectroscopy at BESII|

X(1860) in J/Ap—y pp
e X(1835) in JAp—=ymintm'’
e X(1870) in J/Ap—ommm
* X(1840) in J/p—y3(mtm)
* X(1810) in J/p—=ywd

* 1(1405) in J/p—y3m, (0,p)Nmm
* Y(2175) in J/p— ¢nmm

* PWA of J/ip—ynn
Based on 225 M J/1 data.
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X(1860) in J/ap—>y

e First observed more than

10 years ago at BESII,
confirmed by CLEO-c

e Mass close to the pp threshold

* Very narrow width

(< 30 MeV/c? at 90% C.L.)
e Confirmed by BESIII and CLEOc

* Possible theoretical
interpretation:

 Normal meson, multi-quark,

glueball?

e Final stateinteraction (FSI)?

* pp bound states?

O |
o

PRL 91 (2003) 022001
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PWA of J/y—y pp

 PWA forthe region

below 2.2 GeV n 700 %
< 600 F
* The fit with a BW and S-wave FSI ~ 500 :
(1=0) factor can well describe the 2 Tk
pp mass threshold structure 7 400
— 300 ¢
« JF€ =07 > 6.8 0 better than other = |
JP€ assignments = el -
2 100F e, J—
e M = 1832+19_5(Stat)+18_17(5y5.) (1 0 E L — ‘---‘-':‘.l':a-ﬂ'l!’dn’i-,f.;'.'.',-,q-?...'J
+ 19(mod) MeV/c? 0.0 0.1 0.2 0.3
o T'=13+39*10 _+4 MeV/c? I\'lm,-zmp((iic\f/&)

or< 76 MeV/c? (90% C.L.)
BIy—yX(pp)) x BX(pp)—pp) = 9.0',; (stat) . "(sys)=2.3(mod))x105



PWA of y(2S)—y pp

450 pT——— T —

400 (@)

* Threshold structure g ., -
differs from that in % 300 ]I >
Jp decays g 20 ' S

: = S
e M, " andJPC fixedto 5 ' 2
: 2 100 5
those obtained from 50 | 0
0 = :
J/w decays 2.0 2.5 3.0 3.5
M(pp)(GeV/c?) M, -2m,(GeV/c?)

B(Y(2S)—yX(pp)) x B(X(pp)—pp) =

4.57+0.36(stat) ", - (sys)x1.28(mod))x 10

_ By(2S) — yX(pp) _ +0.71 +0.67 p
R = By — TX(OD) =5.08 _, ;s(stat) ;. (sys)£0.12(mod))%<12%!
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EVENTS/(20MeV/c?)

X(1835) in J/ap—=ym’ Jm]

120

(0 ¢
o

£
o

o

N i
! BESII > 5005
u S 400f
< C
i S 300}
g |
¥ TPRL 95,262001(2005) 100k
1 1 I | | 1 - v
14 20 , 26 01416 18 20 22 24 26 2.8
M(r"nm’) (GeV/c®) M (GeV/c?)

e X(1835) was observed at BESII,

and confirmed with BESIII

e Two additional structures are observed at BESI|I

pp bound state? n excitation? same as X( pp)?



J/p—=ymtan’

X(1835) 1836.5i3.0+5'6_2_1 190$9+38_35 >> 200
X(2120) 2122.4+6.7*%7,,  83+16*31,, >7.20
X(2370) 2376.3+8.7+32,;  83+17+%, > 6.40

* Br(J/W—2>yX(1835))*Br(X(1835)> n+m-n’)
= (2.87 £0.09+0.49-0.52)x10-4

* The polar angle of the photonin J/{ CMS is
consistent with expectation for pseudoscalar

* PWA is needed, inference among the resonances
needs to be considered



X(1870) in J/p—mnmr

o J/p—wX(1870),
X(1870)—>a*(980)r*

 £1(1285), n(1405), X(1870)

= (1877.3 £ 6.3 ) MeV/c?

= 57+12") MeV/c2

= (1.50 £0.26 'y, ) - 10

e PWA is needed to determine
spin-parity

900 F
800 F
2 700 F
2 600 |
S o0
g 50 F
< 400
a C
$ 300 F .
- - T .
M200 B
100 Eg#)

0 o . N . N . .:
1.2 1.4 1.6 1.8 20 22

M, (GeVIc?)



X(1840) in J/p—y3(m*m)
“ETTUUBEST |

250 = +

eV/c?)

oM
N

o

S

l

-

= 150

EVENTS/

100

(o)
o
llll[

1 1111-1 (T [ ]
1.6 1.7 1.8 1.9 2 2.1
M(3(r*n)) (GeV/c?)

e Mass is consistent with that of X(1835),
but the width is much smaller

e M =1842.2+4.2+71,  MeV/c?, =83+ 14+11 MeV
* A new decay modes of X(1835)?

ol




PWA of J/}p—=ywd

* DOZI process

e Confirmed the enhancement

observed at BESII
e M =1795+7+13

+19(model) MeV/c?
I' =95 £10*%1 ,, +75(model) MeV

e Spin-parity is determined to be 0*
* The same as f,(1710)/f,(1790),

or a new state?

M(YK'K) (GeV/c?)?

Event/(0.04GeV/c?)

250

150

200 f

100}

50 F

1 2 3 4 s

—e— Data
— Projection (a)
== X(1810)

------ f_0(2020)

wn §_2(1950)

—— 11(2225)

— - Phase-space

-------- Background

Bp 25 3
M(K'K 't n0)(GeV/c?)



Comparison of BES observation

250 * X(1840): J° unknown,J/y—y 3(n+ n-) PRD88,091502
- O X(1870): J* unknown, J/y— o (nzr) PRL107, 182001
200 |-
R *| A X(1835): J7=0", J/y—y (n'xx) PRL106, 072002
> o - —
é’ 150 | B X(p p): JP=0"J/y—v (p p) PRL108,112003
= F + X(1810): J°=0°,J J/y—y (w) PRD 87, 032008
S 100 4
s F -
50 l —%‘
O : 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1
1800 1850 1900 1950

Mass (MeV/c?)
» X(18?7?) near the threshold position of proton-antiproton

* Are they the same particles?
It is crucial to identify these observations.



1(1405) in J/p—>yf,(980)x°

* 1(1405) :

Bseudoscalar glueball candidate,
ut not supported by LQCD

* First observed: (isospin breaking)
N (1405) —f,(980)mr°

* Helicity analysis indicates the peak

at 1400 Me
from f,(1420)

* Large isospin-violating decay rate:

is from 1(1405), not

BR(1(1405) — £,(980)r")

BR(n(1405) > a,

=(17.9+4.2)%
(980)m)

ap-fo mixing alone can not explain
the Br. of n(1405) —f,(980)m°

92 B E— e

Events/(0.02GeV/c?)

I BESTH

Events/(0.02GeV/c?)
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|
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TTTTTT
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e

M(f0(980)n°)(GeV/cz)

2 14

— i e

- 18
M(f0(980)71:°) (GeV/cz)



Anomalous lineshape of ,(980) in
J/W=2yf,(980)m°
BCSII

220
B 750
2 160
% 140
S 120
S 100
@ 80
S 60

> 40

20

- 09 0 1.1 1.2
M(rn*n)(GeV/c?) M(n°n?)(GeV/c?)

* Surprising result:
vary narrow f,(980) width:< 11.8 MeV/c?> @ 90% C.L.
Much narrow than the world average (40-100 MeV/c?)

* Theoretical explanation: effect of Triangle Singularity?
J.J.Wu et al. PRL 108, 081803 (2012)



J/p—dnm

* The dominate contributions
are: ¢f,(1285) and nY(2175)

e Other contributions< 5 g,
Nn(1405), ~ 3.6 O

N
N
-'

o nom I’

> 350 — — non/$ backgrounds
o B —— histograms: X(1835)
S 0or -w=u=n histograms: X(1870)
o

5 20

2 i

Q 200

i,

150

100

50

M(nr ) (GeV/c?)
Decay mode Branching fraction B
J/y = nY(2175), (120 £ 0.14 £ 0.37) x 1074
Y(2175) = ¢f((980),
f0(980) = ntz~
J/y = ¢f(1285), (1.20 £ 0.06 £ 0.14) x 107*
£1(1285) = natn~
I /w — ¢n(1405), (2.01 +0.58 £ 0.82)
n(1405) = natz~ (< 4.45) x 107
J/w— $X(1835), <2.80x 107
X(1835)—nntn~
J/y — $pX(1870), <6.13x 107

X(1870) - ™



N(1405) in J/Ap—onmmw

* J/ip—w n(1405), o
1’](1405)*31(980)3131 °§ 700 —

« M =1399.8 2.2 28_ . MeV/c2 Zw}
=528 +7.6+01 . MeV ;é o : :
Br p— (1.89 =+ 0'21+0.21-0.23) X 10-4 - ng : 4/\_ :

e Compare with J/1y—¢mn(1405),
1n(1405): more u and d quark
than s quark?

e S :
12 14 16 18 20 22

M, (GeVIc?)



Y(2175) in J/p—dnm

* Y(2175) /(|)(2 170), first A 14OZB€§]]I I
> i " backgrounds+direct decay
observed by Babar, 8 120 i
confirmed by Belle and -2
BESII :"
* J/Yp—nY(2175) -
| %(I)fo(980) 0: 2 21 22 23 24 25
| —STIT M(61,(980))(GeVic?) '
> Hyblrd ? Resonance N s Significance Efficiency(%)
il o Y(2175) 471 + 54 >106  9.10+0.01
. Strangeonlum' f1(1285) 1154 £ 56 22.14 +0.09
1n(1405) 172 450 (< 345) 3.60 19.75 £0.12
X(1835) 394 + 360 (< 1522) l.1o 13.85 £0.14
X(1870) 25 £ 73 (< 330) 0.80 13.73 £0.14




Jhp—ynn e

Crystal PRL. 48, 458 (1982)
Lattice QCD predicts that the lowest & | Ball ¢

lying 0" glueballoccursin1.5to 1.7 N | |
GeV/c?, and the lightest 2** glueball Al | fﬁ LKTDELJl Lﬂ’Ll

has mass around 2.2 GeV/c?

MM system: event** states (mainly 0**
and 2**), ideal place for search of
scalarand tensor glueballs

12000

Crystal
m Barrel 11

Enlmﬁ'Z]MoV.'c:]

O

First studied by Crystal Ball (1982): sooo

fy(1710)

Crystal Barrel (1995): f,(1500) / PLB 353, 571 (1995) _J
E835 (2006): f4(1500), f,(1710) .

minn) (M.V/c’]

WA102, GAMS: f,(1500)



GeV/e?

PWA of J/ip—ymn

Events /0.02

-
LI (L A B B S B §

g
TTTT

* f,(1710) and f,(2100) are
ominant scalars

(=)
TTT

Al F— TR PR
1.5 20 25 3.0
() M, (GeV/c?)

* f,(1500) exists (8.20) 200
* The significant tensor e
contribution comes from &0

“hl X2 /Nbin=0.69 t :

<)

* No evidence for f,(2200)

f,(1810) and f,(2340) exist ™

(<) cos0, (d) (o]

T LI S S S e e

{ ]
N, ¥

fT+ $

05 00 05 1.0 3 2 -1 0 1 2 3

Resonance Mass (MeV/c?) Width (MeV/¢?) B(J/f — yX — ynn) Significance
Fo(1500) 14687123 136132445, (1.6570:307030) X 1073 820
fol1710) 1759 = 6" ¢ 172 + 10*32 (2355013503 x 1074 25.00
fo(2100) 2081 * 1372¢ 273131+ 98 (L13X0007058) x 1074 13.9¢
£4(1525) 1513 =574, 751558 (3.42108130) x 1073 1100
£>(1810) 182212949 229+32+88, (5.4019894348) X 1073 6.40
£2(2340) 2362731*140 33475718 (5.601062+237) 5 103 7.60
2015-5-19 iwhss 2015 - Xiaobin Ji@IHEP 27



Study of Excited Baryon States

* Probe the internal structure -

of light quark baryons

e Search for missing baryons
predicted by quark model

e Obtain a better

understanding of the strong -
interaction force in the non-

perturbative regime

g
(=3

]
<3

,,,,,,,, , T [ | ]
' 1 | I — !
| I — ' 2200 | 2190
| . i ] | ] | I
i i i | i e— % ]
3 3 L oo |1 || i
! A ' -:I: 3 i 1990 | ‘;::1‘ ! ol !
r ] i 1K i i ]
-_— E | 2% i
H | —— || ] — |
| | | | ! 1 2080 i
! ! e, 1 ' i "
- | a! T s | e
L e
— | | —
1700 [ 1710 1700
 E— [ —
L 1680 1650 1675
— | -
1535
— 1520
— | 1520
r —
—
0 + + + + - s - ;
N1/2 N3/2 N5/2 N7/2 N172 N3/2 N5/2 N7/2




Baryon spectroscopy at BESII|

* Experimental Advantages:

* Pure isospin % ¢ e =

e p. A, £,
For J/w—N Nmand J/y—N Nxm, Nx and Nt
systems are limited to be pure isospin

* Not only N*, A*, 2*, but also =*

1)



Baryon spectroscopy at BESII|

* PWA of (3686) — ppmn®
* PWA of y(3686) — ppm

» Measurements of P(3686) — (y)K"AE* + c.c.
e Observation of ¢(3686) — AZtn ¥ + c.c.

Based on 106 M (3686) data.



PWA of Y(3686)=>p P " g

2015-5-19

200~ e NI440) ' . wEe o N(940) o |
e BESIT o
< IS0 I _::::n:,: B 4 190 _rr::zl(::::
i | In L i :"
Z ! a8
@ 100 4 -] < 100
2 I 2
1
S I . - = 50
1 i !
: o _-rl. " s iy 0 2 ST - N
v 1.5 2.0 2.5 v
M, {GeVieh) M, AGeV/c?)
Two new N* are observed, Resonance M(MeV/c?) T(MeV/c?) AS AN, Sie.
/ d dof &
2300; 21 2+) an 0
N(1440) 139075113l 340740470 725 4 1150
Mgy fu d5/2d)h ¢ I N(1520) 151053400 11553070 198 6 5.00
Mass ancwiath of > Well= . 535) 5350901 120:2%0, 494 4 93¢
known N* are measured $-2 2042
| : M N(1650) 165013440 150735714 82 4 1220
N&%Sg)rae?(hdﬁ?zcgsg{ N(1720) 170073042 4507)°°1° 556 6 960
N(2300) 2300730710 340730410 1207 4 1500
N(2570)  2570*1*34  250°04°%Y 789 6 1170




PWA of ¢(3686)—p pn _

* N(1535) and PHSP are
dominant contribution
° M —
1524 + 572° MeV/c?

Events/(25MeV/c?)
Eventsl(25MeVIc2)

[ =130%57%27 MeV

Br(y(3686) — pN(1535))
XBr (N (1535) > pn)
= (5.2 +£ 0.3%3 )><10 -

Events/(25MeV/c?)
Events

. 4 26 , 28
Mpp(GeVIc )



Measurements of
P(3686) —

* Resonances parameters

(WK AET +c.c.

§ L (b)
E 100:-
g 50_—
/7 [
/ gt et Heat
Lo L 2 L13 2% = 1.'2"# .
M(pr’) (GeV/c?) /.
* Only reconstruct KA to < f :“‘,_\ —
Improve statistics > ! J 4, ’
» 2(1690) and Z(1820)are 2 | ;
observedin  _ S :
1(3686) =K AE*+cc. & | h:
é 10___ ) w
T
i

are consist with PDG

18 ] 2.0
M(K'A) (GeV/d)



Measurements of
P(3686) = (Y) KTAET +c.c.

3 1 ¢ Clear 2% and y, status with
= _ low background
5 1 * The Brof 1l
. y (3686) — K30 B+
i | | e
P16 118 '\129, C 122 1.24 and XC] — K A —
e\ M@A) (GeVic) are measured
Decay Branching fraction
0(3686) — K A=T (3.86 £0.27 £ 0.32) x 107

¥ (3686) — Z(1690) =T, Z(1690)" — K~ A (5.21 £1.48 £0.57) x 10°
)(3686) — Z(1820)" =T, =(1820)” — K~ A (12.03 £2.94 £ 1.22) x 107°

)(3686) - K~ XU=" 3.67 +0.33 +0.28) x 107°
(3686) — YXc0, Xeo — K AZET .90 4 0.30 £ 0.16) x 10 °
(d
(d

Events/(5 MeV/c?)

(:
(1 )
) (3686) — YXe1, Xe1 — K~ AET (1.32 £0.20 £ 0.12) x
Y(3686) — YXxe2, Xez — K~AZET (1.68 = 0.26 £ 0.15) x 10 °
Xco — K~AZT (1.96 + 0.31 £ 0.16) x 10~*
( )
(1 )

Xe1 — K~AET 1.43 +0.22 +0.12) x 10~*
Xe2 — K~ AZET .93 +0.30 £0.15) x 10~*

3.60

M(K AE+) (GeV/dd)



Events/(25MeV/c?)

10

~
(=]
T

60}
50}
a0}
30}
20}

Observation of

P(3686) —> A ST + c.c. |PADESIR00AT

e A* and X* can be foundin the

[ D BEST mass spectrum of Ar and =n
~ 8 sB85:z:z29z22: . .
5T il respsctively
% i .5E055°" =oesgos
3 | = i0:3788 * Br are measured
=R B((3686) — AS 7 + c.c.)
T | =5E858ccEsassstes e = (1.40 = 0.03 = 0.13) X 107%,
4 n L B((3686) — A 77 +c.c.)
M*(Aw)(GeVIc?) = (1.54 = 0.04 = 0.13) X 1074,
: BESIL
,E 60 ‘S so; + + kbl
S S b
> 50 + + ++ o 59 +
5 + 5 40 +
g S F
g 1l + 3 ﬁ
(e Tt _ Lﬁ 10 - v - I.E 10§III.I‘:__+I_.+,_,-- T —
okl e 5 el Y BV *‘"\'l-‘”\”‘m”\” et R R :i-! ol el T R O s I B e B
14 16 18 2 22 24 034 16 18 2 22 24 26 024 26 28 3 32 34 36
M(A7)(GeVic?) M 7)(GeVic?) M(AS )(GeV/c?)



Charmonium states

MASS [GeV/c?

44 - [wsg LS

Y(4360) | _
X-:;‘(S’pyj
=T
U
40 | N3'Sq) @
2(2%P2)
e e ez
c2 '}P:
|X-:1(13P~)E|

3.2 - predicted, discovered
predicted, undiscovered
3.0 |- unpredicted, discovered
0+ 1 1 2+

* 1, BESllIresults:
PRL 108, 222002 (2012)
M = 2984.3+0.6 +0.6 MeV/c?,
['=32.0 £1.2 1.0 MeV

i TIC(ZS)I
KKst, PRL 109, 042003,
KK3m , PRD'87, 052005

° hc
P(2S)—>nh,,
PRL 104, 132002,
PRD 86, 092009,
efe—m'h,
PRL 111, 242001
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e*e =t X(3823) =y,

* X(3823) found at Belle from B —Kyyx.; (3.80)

30F

)

(PRL 111, 032001 (2013))

Events/(5 MeV/c?

375 38 385 39
M (CV/)

e Mass and width compatible with 1,(13D,) state

 BESIIl use 5 Iar%e data sets (4.23, 4.26, 4,36, 4.42, 4.60
GeV) with tota IummOSIty 4.1fbt

* Search from the process e*e —=m*tyy 4



e*e =t X(3823) =y,

Y1 IS reconstructed from yJ/, look in recoiling mass agaist mw*m

4.23 GeV 4.26 GeV 4.36 GeV
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e*e =t X(3823) =y,

REN: ~+ Data b, FTREQ ~+ Data
> 40 — Fit > 40- BE*]]I — Fit
S AR | I Background S o e Background
o) 30; Sideband To] 30; Sideband
2200 @ 20F |
o o I |
Lﬁ 10; Lﬁ 10; L
8.6 3.7 3.8 12’».9 8.6 3.7 3.8 123.9
M, (1) (GeVic?) M,..;(m*7) (GeV/c?)

e M =3821.7+1.3 +0.7 MeV/c?
e [ <16 MeV at 90% C.L.

* Cross section for the process
compatible with both Y(4360)

and (4415) line shapes
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Observation of e*fe—>yX(3872)

* X(3872): mass very close to D°D*? threshold
vary narrow width, < 1.2 MeV

JPC=1++

exotic?
* BESIlIl measurement:
6.30
M =3871.9£0.7 £0.2 MeV
(PDG: 3871.68+0.17 MeV)

Events / 3 MeV/c?
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—4- Data
BGSI I — Total fit
=== Background 7
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T T T,
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Y states

* Y states can be produced directly at BESIII

e BESIII had collected about 5/fb data
from 3.8 to 4.6 GeV

g @ | Ecm=4.26 GeV  § & | Ecm=4.36 GeV
3 3 s [ |
& 2 w0

ntn~h.(1P)

ZOL ' _
B\ o] i | ; 1 . .,. 3 7 -’" X ‘ i !
QAR LY ot PR b !
. I ; - o" ‘.‘ L b4 g Y l 1. g1 ";l W e T e e
RN FEETE T L IS REREE R Le . T PR LA I PR R |
9.5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 3.6 9,5 3.51 3.52 3.53 3.54 3.55 3.56 3.57 3.58 3.59 3.¢
M,x (GeV) M,x (GeV)

* More decay modes can be measured, such as wy,,
N/, NI/, N/, vy, YY(4140), ...



Luminosity (pb’1)
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/. states at BESI

i e )
* BESIIl searches Z, in variant processes
* Ze o]/

» 77 > '] /Y
« 7Y > (DD")*

. 25t
e 70 - n%h,
» Z& > (D*DM)?



Z¢(3900) Zc(3885)

Z¢c(3900)
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/. states (BESIII results)

Channel Mass ( MeV/c?) Width (MeV)

3899.0+3.6+4.9 PRL 110, 252001
(D D*)* 3883.9+1.5+4.2 24.8+3.3+11.0 PRL 112, 022001
h = 4022.9+0.8+2.7 7.9+2.7+2.6 PRL 111, 242001
(D* D*)* 4026.3+2.6+3.7 24.0+5.6+7.7 PRL 112, 132001
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e+e‘ — 7T+(5*D)‘ with double tag

o+ + = +o + <0
ete” - D° D e - D7D 0ny*—
. —, : ete” > 7tDD

< 1090 pb 1@4 23GeV <t 1090 pb l@4. 23GeV ; 0.2
; ; 4()_ . ° RAAALARRMLARML LALLM AR LU :
: 2| : "BESIII prellmlnary -
S S - -
) T 0 - -
2 22 1 20.15 -
g 1 8| L 0 A
= : - : >~. h-~~ - o :
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59 55 4 a0s  al 59 3es a4 a0s COSOR
MM’D (GeVie?) MR A (a2
BESIII single D tags BESIII double D tags ° ( )
PRL 112, 022001 preliminary ZC 3885
Mpole | MeV/c?] 3883.9 + 1.5(stat) £ 4.2(syst)  3884.3 + 1.2(stat) £ 1.5(syst) d ata C I ear Iy
Tpoie [ MeV] 24.8+ 3.3(stat) +11.0(syst) 23.8 4 2.1(stat) 4= 2.6(syst) P
4.23GeV 106.8 4 7.1(stat) + 9.5(syst) -1+
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Search Z_in other decay models
Z(3900)— i

& &
§14:— [BES]II Preliminary] i'a__ [BESIII Preliminary]
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clete” = ZIn,Z7 — wn™) < 0.27pb clete” = ZIn,Z5 — wn') <0.18pb

 Compared to sum of Zc—m/y and (D*D)™
[(ZF - ont) < 0.2% T,
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What's the nature of these Z. states?

At least 4 quarks, not a conventional meson

e Tetraquark states?
PRD 87, 125018 (2013); PRD 88, 074506 (2013);
PRD 89, 054019 (2014); PRD 90, 054009 (2014); etc

e« DXD™) molecule states?
PRL 111, 132003 (2013); PRD 89, 094026 (2014);
PRD 89, 074029 (2014); PRD 88, 074506 (2014); etc

e FSI?
* Cusp;



summary

* BESIII is successfully operating since 2008, and
continues to take data.

* An excellent place to study hadron spectroscopy
(higher statistics and lower background),
complementary to hadron scattering and
photoproduction experiments

* Many interesting results have been obtained based
on 225 M J/1p and 106 M (3686) data

* Expect more results with 1.3 BJ/1y and 0.5 B
(3686) data



P(3686)—p p m° @ BESIII
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Observation of Y(4260)—yX(3872)

* A new Y(4260) decay mode
* A new X(3872) production mode

06
—4— data

05 BE ]]I — Y(4260)

----- Phase Space
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