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* BEPCII and the BESIII detector
* The Beslll dataset and physics programme

v" Physics highlights
* Light hadron spectroscopy: X(1822) states
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‘ % Double rings
§ v Beam energy: 1-2.3 GeV

v Designed luminosity: 1x10% ¢cm2s!
2008: test run

2009 — today: BESIII physics runs



The BESIII Detector

Nucl. Instr. Meth. A614, 345 (2010)

RPC Muon Detector
8 layers (end caps) + 9 layers (barrel)

Superconducting solenoid (1T) AQ/41=93%

Electromagnetic CsI(TI) Calorimeter
or/E<2.5% @ 1 GeV (barrel)
or/E<5% @ 1 GeV (end caps)

c,, = (6 mm)/E'? @ 1 GeV

Time of Flight
c,= 90 ps (barrel)
c,= 120 ps (end caps)

Drift Chamber
6,5 = 130 pm (single wire)
6,/P=0.5% @ 1 GeV



The BESIII datw set
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3 ® BESIos N
From 2009 to 201 4/20] 5. ; _ ® BESII(Preliminary) s o
e 9 ST amma
l.3x‘lo J/lp r 8 :;IIarkI ’
« 5x10° 1,0(25) I < pluto

c 29T @ Y3770

* 0.5 @ Y 4040
« 2.3fb' @ 4230/4260 MeV

* 0.5fb! @ 4360 MeV
* 0.5fb' @ 4600 MeV : % #H
* 1T @ Yugs : %

« 0.1 b @ 4470/4530 MeV
* 0.04 fb"! around A _ threshold
« 1fb! @ 4420 MeV °

:_ arXiv:0809.1869
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Thresholds

1 1 " n " 1

2 3
. R scan: BESIII (ISR)
) p——-casss BESIII (direct
e 2-3 GeV, 19 points, ~0.5 fb"!; € direct) >
* 3.85-4.59 GeV, 104 points, ~0.8 fb"!
MORE:

* 3554 MeV 24 pb!' T mass; 4100-4400 MeV 0.5 fb™! coarse scan
* On-going data taking
http:/ /bes3.ihep.ac.cn/datasets /datasets.htm



Selected resudty

M%cww sbectroscopy
X(1860) in J/Y—=ypp~
* X(1835)in J/Y—ynr iy’
*  X(1560) and X(1835) in J/Pp—yK°K L n
* X(1835) line shape and study and connection with X(pp)

XYZ states
e efe = mX(3823) 2w Yy,
* Z_states

Mowxy others resuldts not covered invthis talk
Y(21 75) resonance and search for X(1835) and X(1870) in J/Y—n¢n Tt (PRD91,052017)
* ete — yX(3872) —ylJ/Ymm* (PRL 112, 092001)
* e"e"wyc, (PRL 114, 092003 and PRD 93, 011102)
. ete"—nJ/1 (PRD 91, 112005)
* Search for Y(4140) —J/y¢ (PRD 91, 032002)
* Z(3900)*—wmr* (PRD 92, 032009)
* Search for isospin violating decay Y(4260) — J/ynn® (PRD 92, 012008)



Jp— v pp: thweshold enhancement invpp mass

150—— BESII: PRL91.022001(2003
* Enhancement observed more than 10 F o) ’ ( _)
years ago at BESIl and confirmed by Né;m_
CLEO-c [PRD82,092002] s |
* What about its nature 2 g sof- oo AR
* No similar structures observed in related ,’/b‘jckgmund N acceptance
TR L 1 P T T T A T SR T
channels: O 00 odo ok 030
M(pp)-2m, (GeV/c?)
CLEO, Y (1S)— 7 pp BESIIl, J/p— wpp , _
PRD 73, 032001 PRD 87, 112004 BES, Yy =7 pp
L5 s e B B S S R - PRL 99, 011802
- Emsoé__‘j‘a'df“t P LI I I I I I B~
&\10; *: § 70 é_ ‘ .‘ ‘ 5:{1(‘:5 (3/1;/—) wX(pﬁ)) . E
% i - 8 60 3— ;o;gzzg:zr:tcontnbutlon 15:— —
= 5 + + H -1 5 50 2  sideband data o :_ R
& 1 S 40 2 r
éol‘l‘”“l llH Illll Hhﬁllu; 3 3(); 5:_
2 ‘H * e Tt RITE \T 5 20 ; :
B 1w E ol Loy o by by L b 1
-5} — 10 18 2 22 24 26 28 3 32
] | | | | | | | | | | | | | | 0 O- lO(I)5I‘ . I0!1 ..‘ .O.‘I|5l l‘ .0.2 M(pp) (GGV/CZ)
1.9 21 2.3 2.5 2.7 2.9 3.1

2
M(pp) (GeV/c?) M(pp)-2m, (GeV/c’)



BESIII J/ip— v bP

2500 45F  ...eeessssss-
; F;iiibaasoacssg 1 o
—_ i LR R T -1-1-1-] Qoo »
< 2000 L 4of _
> % 35} : "
v I S . f -
Q 1500 2 30f
= ! O Lt ;
%1000 i oF T { °
5 | F ]
D S00} St F
| 1.0 2 i °

2.I0 2.5 3.0 l.IO 115 2.I0 215 3.IO 315 4.I0 415
M(pp)(GeV/c?) M (GeV/c?

Statistical significance of the X(pp) component > 300,
5 0 for the other components

The O assignment is better than other JP¢

M = 1832%19 ((stat) 18, (syst) £ 19(model) MeV /c?
[ = 13 + 39(stat) *1° ,5(syst) = 4(model) MeV /c?

BR() yy— YX]XBR[Xﬁpp]Z(Q.OJFO"‘_] L(stat)™15 ¢ J(syst)£2.3(model))x 10>

BESIII: PRL108,112003(2012) PWA analysis for the region below 2.2
. 3 GeV using 225M J /1) decays

Four components included in the
PWA fit: X(pp), f,(1910), f,(2100)
and O™ phase space

Intermediate resonances described
by Breit-Wigner propagators
f,(1910) and f,(2100) parameters
fixed at the PDG values

0 N
E; — X(pp) ]
& 600 — 0"'PS 3
S 500k — £,(2100) :
3 : — £,(1910)

w 400 F

= g

g 300 F

2 200 F

c -

S 100F .. P
U—] E ‘.-'—' prergr e TR SR TITI g

0 L S R ——

0.2 0.3
M(pp)-2m, (GeV/c?)

0.0 0.1



X(1835) iwJp—vrrTtin’

___ BESIIL: PRL106,072002

* X(1835) was first observed at BES, and then confirmed

at BESII [PRL95,262001] ~ 00
o L
* Two additional structures observed at BESIII % 400 F
* Many interpretation: pp bound state? Glueballs? 5 300 £
Radial excitation of the 77’ meson S 200 3
* Needed higher statistic % :
& 100 |
« BESIl J/Y— ymn*n’: PRL106, 072002 0 o
«  225M J/1 events 14 1.6 1.8 2.0 22 2.4 2.6 2.8
e n'—>y¥rmtand N’ — 7N , )/77:_7T+ M’ ) (GeV/c?)
* 4 resonances (BW®Gauss)+non-resonant 7’ 1" soo0f | -
(from MC ) + non- 7’ and m ™ m° 1’ bkgs 4000 |
§ 3000:
Resonance M(MeV /c?) I'(MeV/c?) % it B . ]
£1(1510) 1522.7 += 5.0 48 + 11 g 2000 E
X(1835) 1836.5 = 3.0 190.1 = 9.0 1000 |- )
X(2120) 2122.4 + 6.7 83 + 16 : 1+cos®0, :
X(2370) 2376.3 = 8.7 83 =17 90 02z 04 06 08 10
|cos8,|

The polar angle distribution of the photon in the J /1) center-of-mass system supports JP<=0-*
— need PWA analysis to determine spin-parity assignment



X(1835) inJ/p— 1 KK n

BESIII: PRL115,091803

J/Y— Y KOKO 1 provides a clear environment
* KOKO 7 and mOKOKO 77 bkgs are forbidden by exchange symmetry and CP conservation

_l'"I”'I'"I"'I"‘I"'I"’I’: 350‘"‘I"'I"'I"'I"'I"'IBESm
4,500 (a) + Data g L: S: (b) + Data g
1.3X107 J /1 events S | ™= phase space MC| >0} '} ™ Phase space MC|
(a) Structure around 1.85 GeV/c? 3400;_ E 3250;’ * WM ;
(b) Strong enhancement near the §3°°;’ ] §2°°§++i+++ . *t ;
KOKO, threshold interpreted as the  @200f | :150; TN + E
£,(980) Buo e, 1 T ’5
0 >100- AIPOREE. SN ]
. w o ¢ .1 W SO0g
(c) Strong correlation between the of i ob Wt ]
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
2(9\/8/0)20nd the structure near 1.85 Myocs, (GeV/c) My (GeV/c?)
e C AR R R I R I B A DRI L B B B S R m
0 vO0 2 24t (o) Data i1, TOF (d) —+- Data E
(d) M(K SK S)<] N GeV/c => the 2.9 i1 8 | mm Background ]
o~ r L &3 % 60} — Phase space MG
structure near 1.85 GeV/c? 9 2.0F P 8 gl
became more pronounced G 1-8f i § :
PWA of events with =“1.4F L E 200
M(K°K%)<1.1 GeV/c? and 120 [ 1 @ 10f
0 0 2 1.0Es0\ W I R T T B - LA N
M(K%K% 17)<2.8 GeV /c 1.6\1.8 2.0/2.2 2.4 2.6 2.8 3.0 056 18 2.0 2.2 2.4 2.6 2.8 3.0

e, (GeV/e?) Moo, (GEV/C?)



J— 1 KLKOn : PWA resudly

BESIII: PRL115,091803

Final fit results: the data can be best described with three components: X(1835)—f,(980) 7,
X(1560)—f,(980) 17, and a non-resonant f,(1500) 77 component

SUPASELE B BLELELE BLELEL BN N
, . & 90 (a) ny, =140

* The X(1560) component improves the fit O 7ok —+ Data E
. . . . S F — MC projection :
quality when interference with the X(1835) is ® 60l mm Background
allowed O i §gggg;

» Several fits with different JF¢ hypothesis 8505 Phase space |
o JFC=0" for X(1835), X(1560), and non- 8405 E
resonant component _930; e

o JFC=1** for non-resonant component cannot 5205 -
be excluded i 10t k

1.6 1.8 2.0 22 24 26 2.8
Mo, (GeV/c?)
shhgll

Mass and width of X(1835) consistent with PRL106 0

M = 1844 t 9 (stat) 716 (syst) MeV/c2 [ = 192%20 _(stat) ¥62 ,,(syst) MeV (>12.90)
BR = (3.3+0'33_0'30(STO1') +1.96_]‘29(Sys1.))x'| 0>

M = 1565 * 8 (stat)™® ,(syst) MeV/c2 [ = 45414 (stat)*?! 4(syst) MeV (>8.90)



New: connection between X(1835) and X(pp)
12

If the X(1835) is a pp bound state, the 7)’'m ™ line shape at the pp threshold would be
affected by the opening of the X(1835) —pp decay mode

* 1.09%X10° J /Y events collected in 2012

s n’—ymwntand ' —N ., AT

* Clear peaks of X(1835), X(2120), X(2370), 1 ., and a structure near 2.6 GeV /c?

BESIII preliminary

L B BN LFLELE B B BLELEL B B B 1600 T T T T T T T T T T T T
’ — t L y v .
4000f- 1" YT 4 pata 1a00F7’ =M 44T T 4 Data b3
. : — PHSP MC n E — PHSP MC ]
BESIII . BESII 1
3500 L 5 @ Background ' &‘\?1 200 . . ; I Background b
3000 F- Prelmnary - B threshold S, [ preliminary £ O B threshold ]
s : P <1000 | : : =
2500 o - A ¢
QN QN 800 i 1 # -
<2000 Z . AL L S ]
LA @ p bt .
@ £ 600 S L
51500 2 " : L
1211000 o 400 B
500 200 =
0 Easie 0 Lusa .

14 16 18 2 22 24 26 28 3 14 16 18 2 22 24 26 28 3

M[n'n'n] (GeV/c?) M[n'n'n] (GeV/c?)

Significant distortion of the 7)’'m ™ line shape near the pp mass threshold




Connection between X(1835) and X(pp): Fit
resulty

2500_|u.]nn|.|u|n..p.n].n.]u..]nnlnnln_ 2500 [ 2500-....1....|... N RARRS LARAE RARRRRE
" —+- Data E + T J — Data - —+— Data B
1600) + g — Global Fit 4 L 1600 + — Global Fit B — Global Fit 1
+ - 1(1510) 1 - - 1(1510) - - £,(1510) .
&G 2000 = 1100 ] “- ;(((;?gg) . &G 2000 [~ - o xgggg} &G 2000 --- ;(1 835)+X(1870)]
r -- X(2120] b
§ 1200 0t p— NLn-R:sonant ] § . ] — ﬁf,:_ﬁ':son,m § i — Ngn-R:sonant 1
) H S peshoa | Q2 o 1 o ot o threshold ]
E 1500 1000 \d ] E 1500 [~ 1000 PP threshol — E 1500 |~ —
9 18 5 19 1C_> F 18 5% 19 9 B
gl i N—" [ ~—" r
~ B ~ -
o 1000 |~ BESI[I ; 1000 |— BESIII v 1000 (— BES][]
b~ - . . - - . . -~ - . .
S - preliminary S L preliminary S L preliminary
LI>_I L > L > i
500 L 500 w 500
o g L
13 14 15 16 1.7 18 1.9 2 21 22

a0

3 14 15 16 17 18 19 2 21 22
M'n'n] (GeV/c?)

MODEL 2

Interference between two

01.3 14 15 16 17 18 19 2 21 22
Mnn*n] (GeV/c?)

MODEL 1
Threshold structure caused by

Mn'n*n] (GeV/c?)

* Three efficiency-
corrected Breit-Wigner
functions

the opening of additional resonances
* Simple BW function decay mode * Use coherent sum of two
fails in describing the * Flatté formula for the BW amplitudes for the line

n'nm " line shape
near the threshold

shape (Phys.Lett.B63, 224)
An additional BW
resonance (X(1920)) is
needed (5.7 0)

shape: X(1835) and a
narrow resonance called
X(1870)

* X(1920) not significant



Connection between X(1835) and X(pp): Fit

= resuldty

2500_|u.]n.r|.|u|n..p.n].n.]u..]nnlnnln_ 2500""I""\""\""‘"""I""I""I""I"_ 2500-....1....|...y...‘y...‘...‘yu.|.uy|...y|.._
—+- Data E + T J y — Data - ' —+— Data B
- + ] —Global Fit s + 1 — Global Fit r — Global Fit 1
- + ----£,(1510) R + (1:35) 2000 3 -----1,(1510) R
G 2000 [ y0o ] -- - X(1835 - & 2000 |~ 1400 ] T - - - - X(1835)+X(187
A 3) - -»-~x=21zo; o L -+~ X(1920) o - - x£21zo;+ ey
S i ot — Non-Resonant | NS I _ :(‘(21_?) t S i — Non-Resonant |
(o) L + ‘ [ Background | % [ ] mm Backgroand " | O i B Background |
= 1500 - o { pp threshold | S 1s00|- | pp threshold | S 1500 | pp threshold |
9 r 18 5 19 1C_> F 18 5% 19 9 :
N ~— B ~—"
& 1000 BESIII % 1000~ BESIII & 1o BESIII
= i . = F e e = F D
S - preliminary S L preliminary S L preliminary
> C > r > -
w 500 L 500 w 500
0 - 0 “l ok =
18 14 15 16 17 18 19 2 21 22 13 14 15 16 17 18 19 2 21 22 13 14 15 16 17 18 19 2 21 22
DI ) ) -
Mn'n*x] (GeV/c?) Mn'n'x] (GeV/c?) M'n'n] (GeV/c?)

The two models used to describe the data (Flatté and two interfering resonances) give
almost equal fit quality
* MODEL 1: significance of gpp/gO > 0 larger than 7U(gpp/go=ra’rio between the
coupling strength to the pp channel and the summation of all the other channels)
* MODEL 2: significance for the X(1870) larger than 7 O
* Both fits support the existence of one of
- Broad state with strong coupling to pp
- Narrow state just below the pp mass threshold
* Study of the line shape for other decay modes, e.g. ¥ pp, ¥ K°K% 7 ...




Other BESIII observations

%00 F Jp—onmim .
__ 800 E
S 700 PRL 107,182091 E
2600 F L{ A :
S 500 i =
5 400 A e E
5 300 I X(1870) -
2200 b A1 (1405) XU870)
100 fo®
02 1.4 6 18 20 2
M, .. (GeV/ic?)
O\
250 —&— Data
[ | —— Projection ( a)
-mem X(1810)
200 ; < £.0(2020)
; - £_2(1950)
— — 1(2225)
150 — ' - Phase-space

Event/(0.04GeV/c?)

100

50 f

Background

T2 25 3
M(K'K n*rn0)(GeV/c?)

Jp—yod
PRD 87,032008

>30c6

250 s
- . ® PRL106,072002
o Jp—yK K Oy = 0| ¥ PRL108,112003
- JWp—y'n' S . 4+ PRL115,091803
200— . 0+ | # PRD87,032008
= - m PRD88,091502
] - JPC?| A PRL107,182001
150—_ -‘:’;E e To)0] L B BN BN LI B B
B TF‘: E % 2505— J/l/)—VY?) (TE+TC_) :
100 o.- 220 PRD 88,091502  #°
— Q.: 5 150~ 7 =
n + i g 1oof- =
50 :_ E 525‘..4 i I é
- J/ l/)—pr E A M) (Gevied) A
O B 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I: | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
1800 1820 1840 1860 1880 1900 1920 1940 1960
M (MeV/c?)

X states near proton-antiproton threshold

* X(pp) in agreement with X(1835), while its width is
significantly different

* Are they the same particles?

* More studies are needed to answer this question



XYZ States
16

Below DD threshold: all the states have been 44 | [y LYES) |
observed and described by the cc potential Y(4360) xe2(3%P2)
model b0
42 - Xc0(3°Po)
Above the threshold: more complex situation v
. 8-
* only a few of the predicted states above the S
threshold have been found ¥) S Xe2(2%P2)
* Many new states have been observed with 2 /
properties that are not consistent with the = T
expectation for charmonium: X, Y, Z DD/ | nn
|@)(cz(ﬂ'Pz)

X states: charmonium-like states with J7¢#1~;
Observed in B decays, proton-proton, and proton- DD’
antiproton collisions.

Y states: charmonium-like states with JP¢=1-; 32+ predicted, discovered
) ) + - o] o ) o e 0
Observed in direct e"e™ annihilation or initial state L e
ration (ISR). B
( ) 3.0 [ne(1'S0) | unpredicted, discovered

Z states: charmonium-like states carrying electric

charge; must contain at least ¢ and a light qq pair O~ 1= 1= 0= 1= 2=
JrPC



Natwre of the XYZ states

NA Tornqvist PLB 590, 209 (2004)
Molecular state ES Swanson PLB 598,197 (2004)
Loosely bound state of a pair of E Braaten & T Kusunoki PRD 69 074005 (2004)
The domi t bindi CY Wong PRC 69, 055202 (2004)
mesons. 1he dominant binding MB Voloshin PLB 579, 316 (2004)
mechanism should be pions exchange F Close & P Page PLB 578,119 (2004) .....

L Maiani et al PRD 71,014028 (2005)
T-W Chiu & TH Hsieh PRD 73, 111503 (2006)
D Ebert et al PLB 634, 214 (2006)

Tetraquark

. & | Bound state of four quarks, i.e. diquark-antidiquark

Distinctive feature of multi-quark picture with respect to charmonium:

* Prediction of many new states

* Possible existence of new states with nonzero charge, strangeness, or both

)

H H P Lacock et al (UKQCD) PLB 401, 308 (1997)
Charmonium hybrids SL Zhs PLB 625, 212 (2008)

Bound states with a pair of quarks and one excited FE Close, PR Page PLB 628, 215 (2005)

. .« e , O Pene PLB 631, 164 (2005
gluon; Lattice and model predictions found that the Em ek R

lowest charmonium hybrids lies around 4200 MeV

Glueball

Bound states of gluons Heavy quarkonium: progress, puzzles, and opportunities

ICSNAARAARIIN

N. Brambilla et. All, Eur.Phys.J.C71:1534,2011




Natwre of the XYZ states

1) Establish the spectrum: search for more X,
Y, and Z states, determine masses, widths,
quantum numbers, and investigates the decays

2) Build connections: look for transitions
between different states (i.e. radiative
transitions)

BESIII dedicated program

started in 2012




Covwentional cc state: X(3823)
PRL 111,032001 (2013) E

Wl
-
T T I

* X(3823) first observed by Belle in
B*—K ¥ X .

* 3.80 evidence

* Mass and width compatible with
Y, state (13D,)

« EZ705 (PRD50,4258(1994)) report
a candidate for the Y, state with 375 3.

(NS
-
.—§—.

Events/(5 MeV/c?)

[S—
-

A J I

385 3.9
a significance of 2.8 0 M, , (GeV/c?)

-
|
4
-
F’;
E
K

BESIIl analysis uses 5 large data sets (L, ,~4.7 fb') at the center-of-mass
energies 4.23, 4.26, 4.36, 4.42, 4.6 GeV
* Reconstructed in X  , 2V I/Y— 1

BESIIT: PRL115,011803(2015)



ere—1rt X(3823) — 1ttt y)

BESII: PRL115,011803(2015)

Two dimensional scatter plot is used to investigate the possible existence of resonances that
may decay to y .y states: Mreco(T[*T[_):\/ (Pote-Pri-P)? vs. M(y ) /W), where y,, refers to
the higher energy photon

o @ T T A ® T T
> 3.8F " -°:. ”””””” ' 4 ‘] T T = + 1y 4o —
A SRR S AL | SN SRR & SR ete-—=ntnTY' =TT V),
e BT Tele (m v e @ AE 7 lecw® i e 1€ . . .
CRNN S S |3 AR E signals are evident in
=F a5E ° .- & 4.23 CeVE E . . . 3 4.26 :GeVI_E almost the data sets
— 3.9F T BN : == ! 1 : =
% - () : < : 1F (d) : \ ¢ : ] .
> saf D)- - i El: NE T { 1€ Accumulation near 3.82
% 5.7 E GeV/c? are evident in
= 36 the Y x., signal region
= 35 :
2 -9 Remaining backgrounds from
8 38 ete" —(n'/yw)l /P, with
= 3.7L — —
A : ] n'/w—yntn or yntm,
5 3.6 : F — —
o : | | 4.60 GeV i} , | . and Tt ntn™ (nlyy)

"3.45 35 |13.55 3.6 3.45 3.5 355 3.6

M(y, J/v) (GeV/c?) M(y, J/w) (GeV/c?)

Xcl XcZ Xcl XcZ



ere—1rt X(3823) — 1ttt y)
_ 21

BESIII: PRL115,011803(2015)

-+-data
- — Y(4360)
A, -=-y(4415)

(o))

|

|
'
=
o
<
®

Events /0.1
.;I:.
oB(1t+1t'X(3823)—nt+1c'yxc1) (pb)

KK _}_u * l ®
h R A 2 (PSR -

""" I N I I D N D e s

42 43 44 45 46
-1 -0.5 0 0.5
cos6 Ec.m (GeV)

¢« M=3821.7 £ 1.3 £0.7 MeV/c? and [ <16 MeV (90% C.L.)

* Significance = 6.2 0 (7 x., channel)

* The X(3823) is a good candidate for the 1, charmonium state with JF¢=2-

* assuming T system in S-wave = 1+ cos? 6 for spin 2

o N

—

* Mass and width are ~ agreement with potential model prediction for 13D,
* not enough statistics to distinguish between D- and S- wave hypothesis

* The fit of the energy-dependent cross section for the process is compatible with both
Y(4360) and Y(4415) line shapes



- Discovery of Z,(3900)

Study of the ete- = ) /Y process at the c.m. energy of 4.26 GeV using 525 pb-'
* Reflection effect removed by choosing the heavier

PRL 110,252001 (2013 o
J/1 combination per event (M__ (1) /1)) — ( ) il
* Significance greater than 8 0 % 80 3 BESIT e
® N -.-- PHSP MC
* M= (3899.0 3.6 +4.9) MeV/c? and S
[ = (46 £ 10 * 20) MeV =
* Mass very close to the DD threshold £
* It couples to charmonium (cc), has electric charge i ’
(contains ud) = at least 4 quark !
0="%7 3.8 3.9 4.0
What is its nature? M ax (i) (GeV/c?)
BELLE: PRL 110,252002 (2013) I\L(‘):rthwestern Uni.: PLB 727, 366(2013) BELLE
;gi t:m 30} * I:P,:‘:taase Space Based on eJre__)’YISRJ/ lanrn_
g A — Fit CLEO-c M=(3894.5+6.6+4.5)MeV/c?
50F

= J/y Sidebands

“=* PHSP MC

T=(63+24426) MeV

NWU (CLEO-c data)
e'e—JAynn at
Vs=4.17 GeV
- M=(3886+4+2)MeV/c?
3.7 3. 3. 4 41 42 3600 3700 3800 3900 4000 _
Max(mly) (GeV/c?) Minax (1 J1y) (MeV) I=(3724+8) MeV

40f
30F
20f 11
10+
N

Counts /10 MeV
N
142

Events/0.02 GeV/c®




Seawrch for o neutral Z.(3900) isospinv partner

Study of ete"—=momO) /Y process

Data sample of 2809.4 pb-! distributed over
the c.m. energy range from 4.190 to 4.420
GeV

New structure (Z(3900)°) observed in the
%) /Y mass spectra

Isospin triplet established: the measured
Born cross sections are about half of those for
ete-—m*m ) /Y [PRL110,252002], consistent with
isospin symmetry expectation

Counts /15 MeV

NWU, based on CLEO-c data: PLB 727, 366 (2013)

12

| ¢ Data (a)
10|~ -~ Phase Space
I — Fit

gl == J/y Sidebands

il

ol =
3600 3700 3800 3900 4000
Miax(°d/ ) (MeV)

First evidence:
M = 3904110 MeV/c?
[ = 37 MeV (fixed)
Significance 3.50

Events/(10 MeV/c?)

Events/(10 MeV/c?)

Events/(10 MeV/c?)

PRL115,112003(2015)
(a) 4.230 GeV, 1091.7 pb'

BESII

preliminary

T ———

3:8 4b 42
M,,,,, (GeV/c)
M = (3894.8 £ 2.3 + 3.2) MeV/c?
[ =(29.6% 8.2 + 8.2) MeV
Significance >100



L, 2:(3885)* vero— (DD

The Z_(3900) lies close to the DD* threshold =¥ it is interesting to investigate this region
* £~1092 pb' @ 4.23 GeV and ~826 pb'! @ 4.26 GeV
* Double tag method: reconstruction of the bachelor 1 and D pair

wf T e A iaatess PRD92,092006(2015) D"~ Do
~ | D°D™), 4.2 v | ¢ . -
2 I ( )y 4.23GeV | o (D"D™), 4.23GeV:
2 40 $ 40 ]
i 2" - The data agree well with JF=1%
£ xf W qguantum numbers
f T a T
i i 0.2_"'l""l""l""I""l""I""l""l""_
0 3.95 4 4.05 0 3.95 4 4.05 ) r (2) ]
MDD (GeV/c?) M(D D) (GeV/c?) 1
------------------------- = 015 ]
L op*— ] 40 g ——— ]
2t 1 2% S T < 1
E- E E g : ..................................................... \\\—+— _*_:
S $ 20f 3 i N 1
£ £ r 0.05 N
@ @ 10f - N
i - 0] P U P [ D P Levwulonantd
4 405 0 395 4 . : 0 0.1 02 03 04 05 06 0.7 0.8 09
M(®D’D ") (GeV/c?) M([DD™) (GeV/c?) cosO,
_ 2 _
M e = (3881.7 1.6 £ 1.6) MeV/c? T, = (26.6 £ 2.0 + 2.1) MeV

oxB=(108.4+ 6.9 + 8.8) pb
Significance >10c



Z.(3885)° inverer— (DD*)OTTO

. £~1092 pb' @ 4.23 GeV and PRL115,222002(2015)

~826 pb! @ 4.26 GeV 30F 4.257 GeV D'D*1° [ 4.257 GeV D"D*’°
* Simultaneous fit to both charge % 20 <l> :
combinations in the two datasets E 105
e Significance > 100 g 0
* Pole parameters of the relativistic £ 40
BW extracted (c) % gg
10 e
0 ik

5 385 3.0 395 4 405 385 3.9 395 4 408
State Mpole(MeV /c?) [pole(MeV) M(DD") (GeV/c?)

Z.(3885)"(3883.9 & 1.5 +4.2|24.8 3.3 £ 11.0((a) s .
Z.(3885)"|3881.7 1.6 £ 2.1| 26.6 £ 2.0 + 2.3 |(b) < 8o — Global Fit
Z,(3885)°| 3885.77 43 +84 | 35t 415 (€ 3 | - Signal
c§> 60:— W Incl. Bkg
* Born cross section consistent with half of % 40 PHSP
the charged channel E 202_
* Favours the assumption that Z (3885)° is wee
0

the neutral isospin partner of Z (3885)*

385 39 3.95 4 405
M(DD*) (GeV/c?)

(a) PRL112,022001(2014)
(b) PRD92,092006 (2015)



Events/(0.01GeV/c?)

Z (4020)+9: study of erer—h, 1, ands h, o0

13 center-of-mass energies from 3.9 to 4.42 GeV
Reconstruction of h.— 7 77 _including 16 exclusive
hadonic 77 . decay modes

Narrow state very close to the (D'D*)* threshold

* M =(4022.9%+ 0.8 + 2.7) MeV/c?
o [ =(7.9%£27 £ 2.6) MeV
e Significance >8.9 0

PRL111,242001(2013) Vs=4.23, 4.26, 4.36 GeV
120 [~
[ G 50
< 100 :— E 40
5 80 :_ lé.: 30 Inl‘
B € 20 Hoi
W 3 el
S “f )
B * = 0 .
o 38 39
> M_, (GeV/c?)
= E e
20
0

* Significance of 2.1 0 for Z (3900)*

395 400 405 410 415 420 425
M, (GeV/c)

e s=4.23, 4.26, and 4.36 GeV
* 16 exclusive hadonic 77 . decay modes

M = (4023.9% 2.2 = 3.8) MeV/c?
[ = fixed to be the same as its charged

partner
Significance >5 0

45 PRL113,212002(2014)
40 Normalized h,
= me= sidebands
» = =: Bkg from fit .
= PS MC .
20 simulation
15
10 *
5 [}
% 39 395 4 405 41 441

Ml (GeV/c?)

Ratios of Born cross section for neutral and
charged modes agree with isospin symmetry

Another isospin triplet is established!



Z (4025)%0: study of (D*D*)*0 systewv

e Study the ete—D*'D*'r- and D*D*'n* at Vs=4.26 GeV (827 pb’!), and
ete—(D*D*)0n0 at Vs=4.26 GeV (827 pb-!) and at Vs=4.23 GeV (1092 pb-!)

* Partial reconstruction technique: bachelor pion and one D™ reconstruction

* Fit to the & recoiling mass spectra

80— . - comb.BKG
n:(-: T ey D.D“
L eol
> 100
E -

m -
o 40
=
';é; -
S 20
2 200

PRL112,132001(2014)

—4— data
— total fit
— — Z.(4025)

-~ PHSP signal

4.02 4.04

406 4.08
RM(r) (GeV/c?)

Zc(4025):|: M = (4026.3+ 2.6 = 3.7) MeV/c?
['=(24.8+5.6+7.7) MeV
* Enhancement cannot be explained by three-body non-resonant processes
*  Z.4025)%is a good candidate to be the isospin partner of Z (4025)*
« Parameter very similar to Z (4020) =» needed rigorous spin analysis

— BeSIH

PRL115,182002 (2015)
T R <
2 [ @ TRy !
2,0 740 ¢ 1]
w t0 {_H ][ 17

10—

+ ZIHﬂﬁﬂl d

-
*
*
e
..
-
....

" el 1 A A " " " M 3
4.02 4.04 4.06 4.08 4.1
RM(x%)(GeV/c?)

0. M=(4025.579, ;4 3.1) MeV/c?
2,(4025)": T —-(23.0+6.0 + 1.0) MeV



Swwmumowy: all Z g from BESIII

ere—1t O (O)J/l/) ere—1t O (O)Zq,o

Z..(3900)* 7.(3900)° Z,(4020)* Z.(4020)"

—_
[ —4-Data ey 120
100 ot = 4230 MeV -
‘\é u ---- Background fit ~ 100 £ 'E
> 80f --- PHSP MC ~ Q >
s | / ® 80 z 3
s N | [ sideband = 3 =
S 60 \ D 4o w <
5 L =
e = s 1
% 40~ + 411 40 % §
- H -
@ o[ PG 4 20 = =
0 ; 0 - 39 395 4 405 41 41
4 TeCco
3.7 3.8 3.9 4.0 36 38 0 40 <, X 400 405 410 415 420 425 M (GeV/c?)
Mot diy) (GeV/c?) M(t"J/vy) (GeV/c)

M, (GeV/c?)

erer— (DD *)* (0 (0) erer— (D¥D *)* (0 (0)
Z(3885)* Z..(3885)" Z.(4025)*

Z.(4025)"
[ —+Data 80F - comb.BKG —4- data G T T T T m—
:%‘ 80— — Global Fit —~ [ - D*D** — total fit 3 r 4.23GeV+4.26GeV o e
S [ ) © ol — - Z,(4025) 2 I @ 3 1
> . Signal S 60 5 g ) 1
° - . i = [ 7 ]
S 60 1 Incl. Bkg 2! EHSE signat 2,0 P M 11
[ w I - ws - 15} =126Gev]
e t PHSP i 3 i
S af =% } 3 b
S af =t { {1
eI 2 ok e
Pl Y o i
18 0 395 4.04 G4.3</s R LTy 704 706
M(DD") (GeVi/c?) RM(r) (GeV/c?)

Nature of these states? Isospin triplets?

Different decay channels of the same states observed?
* Other decay modes?



Conclusions

BESIII is successfully operating since 2008, and continues to take data
Excellent laboratory to study hadron spectroscopy, complementary to
scattering and photo production experiments

* High statistics
* Low backgrounds

Many interesting results have been obtained, and only a small part are
covered in this talk

A lot of work must be done
* Clarify the nature of the XYZ states
* Observation of transition between these states
* More detailed studies: PWA, other decay modes, ...

FUTURE

* More data will be collected

* Higher luminosity expected from BEPCII
* More detailed studies will be done
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The BESTI Collaboration

USA

5 institutions:
Carnegie Mellon University;
Indiana University; University

of Hawaii; University of
Minnesota; University of
Rochester

~350 members
58 institutions from
12 countries

EUROPE

14 institutions:

Bochum University, Budker Instituteof
Nuclear Physics, Ferrara University,
GS|-Darmstadt, Helmholtz Institute
Mainz, INFN, Laboratori Nazionali di
Frascati, Johannes Gutenberg
University of Mainz, Joint Institute for
Nuclear Research (JINR), KVI/
University of-Groningen,Turkish
Accelerator Center Particle Factory
Group (TAC-PF),Universitaet Giessen,
University of Minster, UniVersity of
Turin, Uppsala University

OTHER IN ASIA
5 institutions:

COMSATS Institute of Information Technology

CHINA

34 institutions:

IHEP, CCAST, UCAS, Beijing Institute of
Petro-chemical Technology, Beihang Univ.,
Guangxi Normal Univ., Guangxi Univ.,
Hangzhou Normal Univ., Henan Normal
Univ., Henan Univ. of Science and
Technology, Huazhong Normal Univ.,
Huangshan College, Hunan Univ., Lanzhou
Univ., Liaoning-Univ., Nanjing Normal
Univ., Nanjing Univ., Nankai Univ., Peking

Univ., Shanxi Univ;, Sichuan Univ., _
Shandong Univ., Shanghai Jiaotong Univ,,
Soochow Univ., Southeast Uny., Sun Yat-
sen Univ., Tsinghua Univ., Univ. of Jinan,
Univ.-of Science and Technology of Ching,
Univ. of Science and Technology Liaoning,

Univ. of South China, Wuhan Univ.,
Zhejiang Univ., Zhengzhou Univ.

(CHIT), Institute of Physics and Technology,
Mongolia; Tokyo University; Seoul National
University; University of the Punjab

http://bes3.ihep.ac.cn



- BESIII physics progranune

ngh’r hadron physics

Meson and baryon spectroscopy XYZ meson thSiCS
*  Multiquark states * Y(4260), Y(4360) properties
* Threshold effects * Z(3900)%, ...

* Glueballs and hybrids
* two-photon physics

* Form factors Chqrm ph)’SICS
Semi-leptonic form factors

* Decay constants f; and fj,

QCD and T * CKM matrix: |V 4| and |V_,]|

* Precision R measurement e DO-D° mixing, CPV

* T decay * Strong phases

Charmonium physics Precision mass measurements
* Precision spectroscopy * T mass

* Transitions and decays * D, D" mass




M=2200 £ 6 £ 5 MeV/c?, [ =104 £ 15 £ 15 MeV

—

Events/(0.01 GeV/c?

Study of J/p— n p1rtTC

* Study based on 2.25X108 J /1 events

* Unbinned maximum likelihood fit is performed 140 ‘ + <+ backgrounds

to the ¢f,(980) invariant mass distribution
* No interference between Y(2175) and direct

three-body decay of J/— 1 ¢f,(980)

* Y(2175) resonance observed with a

significance greater than 100

400
5 non'n
350 |- f1(1285 ) non-1/¢ backgrounds
- \ histograms: X(1835)
300 I — histograms: X(1870)
250 |-
200 |- ¢
150 |-
100 |-
50 |-

Mnr c*)(GeV/c?)

BESIII: PRD91,052017

backgrounds+direct decay

__ 120
©
-~
% 100
O C
g =}
S :
» 60f
—
§ u
i a0 N

20 |

0 l —— —— N

2 21 22 2.3 2.4 2.5
M(¢ f (980))(GeV/c?)

NTUT mass spectrum recoiling against the ¢:

* Fit includes contributions from the f,(1285)
and n(1405) signals, the J/Y— N ¢t
decay, and backgrounds from non-7 and
non-¢ processes

* No evidence of X(1835) and X(1870) states

BIp—pf,—Pnmn) = (1.20£0.06+0.14) x 10

11 12 13 14 15 16 17 18 19 2 ﬁ(]/llj—>q§n(1405)—>¢)nﬂ:ﬂ:)=(2,Ol:|:0,58:|:0,82)><1()'5
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ppbar enhancement inv other reactions

Belle: PRL88, 181803

BaBar: PRD73, 012005

- -
B"™—ppK o
e e —yppar
L NO
- S | + = 0.8 T T T T T T T T T
[ g™ TR g ® BABAR
i © signal & & PS170
: §°r £ os A 4
’ a | < |
[ 0 gl An g, g
F 3 305 31 3.15 Qi:
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e
»~

i
| tt%ﬁ%

—

R
T+ i

| R |

R 1.875 1.9 1.925
25 3 4 45

3.5 5
MpB (GeV/c?)
* Enhancement also seen in other B decays
* FSI2 Sub-threshold resonance?

* Not enough statistic to draw any conclusion

0-|||||||||||A|||

1.95 1.2975
M,,{GeV/c?)

Events / 20 MeV/c?

Events / 20 MeV/c?

CLEO: PRDS82, 092002
(s Al A IR 1)

3850610-021

80
_ a
Jy — ypp @

0 100 300 500 700 900
AM = M(pp) - 2m (MeV/c?)

0 50 100 150 200 250 300
AM = M(pp) - 2m, (MeV/c?)
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Discovery of- Z.(3900)

Study of the e*e- —n*n-J/1 process at the c.m. energy of 4.26 GeV using 525 pb!

e o(ee > l/Y)=(629+1.9+3.7)pb
* Study the substructures in the
Y (4260)—n ' l/y
* Dalitz plot analysis: structures in the
n'n and J/yYn* systems

- 5 —
16 BT 7.3900) | -sideband
o 14F S fidainfE
N§ 1.2 :_,.:7_% 0.5¢ L
8 1 e ‘3 10
~— - = vy e - = - -y
—~ 0.8 X R e
B 0.6 . e =4 —i
S - - K i- f:-'
o - - i
S o4f i
0.2 e i |
:.lnnllnnnlnunnln-.|.|..|.>—||..—|l.n.|l||.|||.||I.|..

010 11 12 13 14 15 16 17 18 19 20
M2(+ Jy) (GeV/c?)?

1

100

Events / 0.02 GeV/&
3

100

Events / 0.02 GeV/c&

S ——

MC includes ¢(500), £,(980), and non-resonant n"n~ amplitude

023334 3536373839 4 4142

B¢ PRI 110,252001 (2013) |
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M Jy) (GeV/c?)

120
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-+ data
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Search of Z (3900)= Wt ineTe = Wn'm
]

BESIII, PRD 92, 032009 (2015)

Vs=4.23 GeV (1092 pb)) Vs=4.26 GeV (827 pb')
. 14f BESTI ~ °F BESTI
A 1 (&) -
§ 125‘ % 10:—
g 10?» | . O] 8:— ‘ ) .
s 8 ;- 1 5 ;,- 0. b
S bl s i
\\J 6_—-«» 0[ l' 4 IR E 4- ‘ [
Eil Pl
> 4/ ‘ o 2p i)
w2 |

87386 92 36 38
M(wn*) (GeV/c?) M(wn) (GeVic)

No Z,(3900) signal is observed
* Asmo is a typical light hadron decay mode, the non-observation of this decay mode
may indicates that the annihilation of ccbar in Z (3900)* 1s suppressed




Cross Sections (pb)

Y states: e/

e—nJAp

PRD91,112005(2015)

Several non conventional charmoniumlike Y states have been observed in recent years
* The study of hadronic transitions to J /1 allows to probe their properties
* BESIIl analysis: ete™™n(m°)) /1 from 3.81 to 4.60 GeV (17 c.m. points)

Clear 1 signal observed (no
significant for 1°)

*  Unbinned maximum likelihood fit

* Signal: signal MC shape ®
Gaussian function
e BKG: 2th-order Chebishev

Belle: PRL99, 182004
90 BES(2012): PRD86, 071101

1e0_ PRD91,112005(2015)
ggg Vs = 4.230 GeV 140 E \'s = 4.230 GeV
< 4+ o— —4— ' Mode < : +a— —— e'e Mode
S 180 lvl lvl — Total fit S 120F S — Total fit
o 1e0F . Background fit [0) O O, Background fit
9 140 Jiy sideband 52 100 E Jly sideband
S 120 S gk
£ 100 e :
2 80 g 60p
& 60 & 400
> > s
i 40 W oof o g bt e T
20 oF PR +
O P 0...I....I....I.---I----I-...l----
02 03 04 05 06 07 08 09 02 03 04 05 O 0.7 08 09
M(yy)(GeV/c?) M{yy)(GeV/c?)

Belle: PRL99, 182004
BES(2012): PRD86, 071101

80 E —}— Belle:n* " Jiy 100+
70 ; + —4— BESIII(2012):n J/y

. e

80 -
60/
40}
20/

o(e’e” - nJly) (pb)

1“+f+ﬂﬁﬁ+ﬂ+ﬁ+’lﬁﬁ+i+ﬂ%m+ﬂ - TH

| ¥

+ J(HJ[ mﬂﬁﬂjﬂﬂﬁ%

M

| | | P | P AT L |

s (GeV)

e v o bww o by o bowwn bwwn o g a by 1
38 39 4 41 42 43 4.4 45 46 4.7 3.8 39 4 41 42 43 44 45 4.

\s (GeV)

* Good agreement with Belle y,;;nJ /¢

* Better precision

* Cross section peaks around 4.2 GeV

* Different shape if compared to Belle
n nt) /Y data

* Different dynamic at work in
ete™™n)/Y and ete ™ ) /Y



Z (3885): study of (DD*)* syst
- o ): study of (DD")* system

The Z(3900) mass is 24 MeV/c? above the DD* mass threshold PRL112,022001(2014)
e Study the e'e—D'D* 1" and D*D*'n- at Vs=4.26 GeV (525 pb-!)

* Partial reconstruction technique: detection of the bachelor n* and one D-meson final state
(D%—Kn and D*—>K-n*n*)

90 C
* Presence of D" inferred from % 8ot BESIT pop* L0 BESIT prpro
energy momentum conservation é oF 2 80f
= 508 [ ¥ 60F
M=(3883.9+1.5+42) MeV/c? £ 0t | % 11 ba s £ aof | Nl
E i LRLIT: . Q L B4
['=(24.8+3.3+11.0) MeV 2 fg: Al & 200 |
cxB :,(83_'5 +6.6+ 22’0) pb 3?.;357'3.190 3.55 4.60 4.65 4.'10 415 3O.és ".3.50 3.55 400 405 410 4.15
Significance >18c M(D°D*) (GeV/c?) M(D'D*) (GeV/c?)
0.5 B(Z.(3885) — DD*)
0.45 = 62 ==01..1 =527
o 04 BESI 1- B(Z.(3900) — J /)
> 03fFe B(y(3770) — DD)
e S . = 482 £+ 84
S oo +* ST B(1(3770) — J/mt+7-)
@
I 0'(;,51' Open charm decay are suppressed w.r.t.
Oog ...‘l.‘..l...‘l“.‘l.‘..l‘..‘l.‘..l....Q-..t ConventionaIChannoniumStatese different

0 0.1 02 03 I04 % 5I 0.6 0.7 0.8 0.9 dynamics in the Y(4260)-Z_(3900) system
cos 9,



Events / 3 MeV/c?
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Observation of e*e — ¥ X(3872)

PRL112,092001 (2014)

BESII

——
—+4- Data
— Total fit

- -- Background

hl

I ) I I

I T

;

3.85

3.9

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

Significance = 6.3 0
N = 20.1 * 4.5 events

M =3871.9 £ 0.7 £ 0.2 MeV

[ consistent with detector resolution

0.6

—4— data

0.5 — B-ES]I[ —— Y(4260)

----- Phase Space
0.4 --- Linear

0.3}

0.2}

oB(yX(3872)—yr'wJ/vy) (pb)

0.1}

T i R B RS- AP s
4 4.1 4.2 4.3 4.4 4.5
E.n (GeV)

The resonant contribution with Y(4260) line
shape provides a better description of the
data than either a linear continuum or a E1-
transition phase space distribution

The Y(4260)— ¥ X(3872) could be another
previously unseen decay mode of the
Y(4260) resonance




Events / 0.003 GeV/c?

Events / 0.003 GeV/c?

Seawch for Y(4140)—- T/ \wo

Observed by CDF in the decay B*—¢J/YK* with a significance > 50

* Not confirmed by Belle (PRL104), BaBar (PRD?1), and LHCb (PRD85)

* Enhancement observed recently by CMS (PLB734), and DO (PRD89)

* It is the first charmoniumlike state decaying into two vector mesons

e C=+1 = search in radiative transition of Y(4260) (or other 1™~ states)

5 ,0.4
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15 1 g
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Efficiency
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PRD91,112005(2015)

- Large BESIII samples
from 4.23-4.36 GeV

(tot. 2.47fb"1)

e'e =y )/
J/h—ere”, utu
d—KK™, KK, m*mm°

Combined distributions

p— of the six modes



- Seawchvfor Y(4140)—-T/po

No significant signal found @ BESIII FRDOIL LIS
- Place upper limit (UL) on O (e*fe™—YY(4140)) X ‘B(Y(4140) —¢J /YY) @ 20% C.L.

Vs (GeV) Luminosity oB * B(Y(4140)) oB * B(X(3872))

(pb-1) (pb) (*) (pb)
PRL112, 092001
4.23 1094 < 0.35 0.27 + 0.09
4.26 827 <0.28 0.33 + 0.12
4.36 545 <0.33 0.11 4009  avsemarc

UL of the same order of magnitude as 0 (ete™—yX(3872)) X B((X(3872) —J/Yyrn*n")

Assuming:

* ‘B((X(3872) =) /Ymtm) ~ 5% (arXiv:0910.3138)

* B((Y(4140) —¢J /) ~ 30% (using partial width of Y(4140) —¢J /Y calculated under the
molecular hypothesis (PRD80, 054019) and the total width measured by CDF (arXiv:1101.6058))

olete™ — 7Y (4140)]

< 0.1 @ 4.23 and 4.26 GeV

olete™ — vX(3872)]




First observation of efe =W X
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different production mechanism



