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Outline

The BESIII Experiment at BEPCII

BESIII Highlights from 2016/17

Towards an understanding of the “XYZ" states

Selected Topics and Recent Results from Charmonium/XYZ
studies and Light Hadron Spectroscopy

@ Summary
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The BESIII Experiment at BEPCII
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@ Symmetric electron-positron collider

@ Energy range: /s = 2.0 — 4.6 GeV

@ Design Luminosity: £ =1-1033cm~2s71 (at (3770))
— Achieved in 04/2016!

@ Energy spread ~5-10~*

@ Operating since March 2008
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The BESIII Experiment
0000

The BESIII Detector
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@ Main Drift Chamber (MDC): OdE /dx = 6% % =0.5%

@ Time of Flight System (TOF): Tt barrel = 80PS Ot endcaps = 110 ps
@ Electromagnetic Csl(Tl) Calorimeter: 25 < 2\'/5? Oz¢ = %

@ Superconducting Solenoid B=1T

@ RPC muon chambers: 8-9 layers 0Ry =1.4—1.7mm
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The BESIII Experiment
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Data Samples

5x108 ! 1
x10° 2.9 b Physics program:

1.3x10° P(2S)
J/Y events | eyents 0.5 fb! @ Meson and baryon

L ] BES 98 PRL 84(2000)594 -
® BES99 PRLES(2002)101802 P(2S ,{4 O‘/“]f 1 fb j spectroscopy

5 © Gammaz I/ I @ Search for exotic
(=] Markl!

hadrons

& pluto

AR .
AES Ik @ Charmonium
S|k ] hysics
<3 \E/ 3 I l l ! Phy
© + bt | L4 Rat 0.5 fb! @ XYZ-states
5 + J( * + '.';L @4600
< E @ Open Charm
0.5 fby ) hvsi
F 2300 | L2 pee
N F T T .
) ; e 3 @ Two-photon physics
o ) . n i @ R-value
Ié scan: 2-3 GeV, 20 points, ~0.5 fb'; ‘:3.785-4.5;?”Gre\/, 104 points, ~0.8 fb"! measurements
@ ... and many more
plus 24/pb at T mass threshold and topics

0.5/fb in the region 4100-4400 MeV

Malte Albrecht (RUB EPI) BESIII Overview 5




The BESIII Experiment
ocooe

Highlights since last years La Thuile Conference
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Physics program:

Meson and baryon
spectroscopy

Search for exotic
hadrons

Charmonium
physics

XYZ-states

Open Charm
physics

Two-photon physics
R-value
measurements

. and many more
topics



Motivation
®00

The Charmonium System

4.4 | sy ¥4s) |
; . @]
@ Discovery of the J/v in 1974 a2l
triggered investigations in
charmonium region: T a0l ey el
>
@ (T states can be described using 8
1 9] L o(2°Po)
potential models 3 32,3 Xa(@Po)
— Extremely successful approach: =
. =y -'lc‘(z'su)
All predicted states below the DD 36 -
. ;
threshold have been found!
. . . L [xeet9)]
— Properties are in agreement with a4 =
predictions
@ Clean environment to search for e e
exotic states oG
80 1 [ndrrs]
= 1= 1 o+ 1° on
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Motivation
00

The Charmonium System

2(4430)
4.4 ne(4'So)

(4360)

@ Discovery of the J/v in 1974 [xl&Pa)]
! dY_ _ / P ) X2(@P2)
triggered Investigations in a0l

charmonium region: (@)

@ (T states can be described using

g
>
otential models 3
P e
— Extremely successful approach: All @ 38 - o]
H oy 2Mp
predicted states below the DD =
o'(21S;
threshold have been found! a6 | @S
. . . Y s
— Properties are in agreement with XafPy)
34|

predictions

@ Clean environment to search for

i e [_prediea ascovere |
exotic states predicted, discovered
@ Big surprise: Many unpredicted states 0

were reported above the DD
threshold, called “XYZ" states 0+ A= A= 0% 1e 2w

Malte Albrecht (RUB EPI) BESIII Overview 8




The “XYZ" States

e
e e
- F T [ne@'s:
Neutral, J7% #1

@ Observed e.g. in radiative or
H ™ 4.2 - Xc0(3%Po)
hadronic transitions from Y

Xe2(3%P2)

o Neutral, JPF€ =17~
Direct access in e™

e~ annihilation!

MASS [GeV/c?]

(0(23P
oL o
ugn o
a6
o Charged, Isospin triplets ) oy
Must contain c€ and a light gg . b7}
3.4 Xoo(1%Po)

pair = Undoubtedly exotic
@ Observed e.g. in hadronic

transitions from Y 32
. . TS : ;
@ BESIIl is perfectly suited to act as a b9
¥ (4260) factory’ | )
— We can map out the connections 0+ 1= 1= 0w Aw 2w
between X, Y and Z states! Jee
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The Y states: ete™ — ntn J /4

o Y(4260) discovered in ete- — )/ using ISR at BaBar e*e~ — srtrJ/4 using ISR at Belle
2005 by BaBar PRD 86, 051102(R) (2012) PRL 110, 252002 (2013)
. 120
@ Confirmed by Belle 5 o100
> s>
. {g o
@ Recent studies show g R
asymmetric line shape / 3 £
additional low mass peak H 2ol W
(Y(4008)?) %B 4 42 4v4.4.5 4.8 ? 5.2 54
mUNET)GeVI) Mz x Jly) (GeV/c?)
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The Y states: ete™ — ntn J /4

Y (4260) discovered in
2005 by BaBar

Confirmed by Belle

Recent studies show
asymmetric line shape /
additional low mass peak
(Y(4008)7)

e*te~ — mwtrrJAp using ISR at BaBar
PRD 86, 051102(R) (2012)

e*e~ — mrrrJ/4 using ISR at Belle
PRL 110, 252002 (2013)

Events / (0.020 GeV/c?)

m(hr' ) GeVic)

e*e- — mwtrrJ/ at BESIII (direct)

PRL118, 092001(2017) NEW!

Entries/20 MeV/c?
8 83388

o s
38 4 42 44 46 48 5
Mz x Jly) (GeV/c?)

52 54

100 150

— —+-XYZ — —+Scan I
8 sof . 2 )
e — Fitl = b TRt I]
2 o[ --Fitl 2 - - Fitll
% £
T r T s0F
() (]
o f ° I
© © L

O 1 1 1 1 1 O_

3.8 4 4.4

4.2
\s (GeV)

4.2
Is (GeV)

Conclusion 1: Cross section is inconsistent with a single peak for the Y (4260) (Significance > 7o)
Conclusion 2: Y(4008) is not needed to describe BESIII data
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The Y states: eTe™ — mrm 1)(25)

e*e~ — mwrrP(2S) using ISR at Belle
PRD 91, 112007 (2015)

£ 70 T IS S e S S S S

Sol. lll ]

Entries/20 MeV/c?

MIT" T w(2S)] (GeV/c?)

@ No evidence for the Y(4260), but...

@ Clear signals at ~ 4360 MeV/c?
and = 4660 MeV/c?!
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The Y states: eTe™ — mrm 1)(25)

e*e~ — mwrrP(2S) using ISR at Belle e*e” — mrw(2S) at BESIII (direct)
PRD 91, 112007 (2015) BESIII Preliminary (NEW!)
A i) T E
I g 100% ~BESII ]
I g 80 + ~Bele
“ I 1 =] 60F -=BaBar 4
% 20k Sol. Il i 8 Wk 4{ E
= [ ] 2} E 1
a g o Ll
8 4 E ;
g § of| I E
& -20;‘ [ \ 3
-40 J( 3
'60 E 1 1 1 1 1
4.0 41 4.2 4.3 4.4 45 46
MIT" T w(2S)] (GeV/c?) M(y(2S)) (GeVic?)
@ No evidence for the Y (4260), but... @ BESIII confirms Y(4360) line shape
@ Clear signals at ~ 4360 MeV/c? @ More data in the region
and ~ 4660 MeV/c?! 4.3 — 4.6 GeV is being taken

@ Analysis of the 75 (25)
substructure will be reported in the
following talk by Yateng Zhang
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The Y states: ete™ — nwt7~ h,

ete~ — mtrrhe at CLEO and BESIII and set-J/2 at Belle
PRL 107, 041803 (2011)
PRL 111, 242001 (2013)
PRD 110, 252002 (2013)

g0l — Belle Iy PRL110, 252002 (2013)
- BESII: sk, PRL111, 242001 (2013)
:5_ *CLEO_(:NW;“ [ PRL107, 041803 (2011)
Fe
R L
s ot 1 Bl i
g, EJ%” H}H{H}HEEH

39 40 41 42 43 44 45 46 47
Ecy(GeV)

@ Clear difference visible between
7tn " he and wtn ™ J/+) shapes
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The Y states: ete™ — nwt7~ h,

e*e” — mrrhe at CLEO and BESIII and setrv-J/4p at Belle ete” — mtrrhe at BESIII (direct)  Submitted

PRL 107, 041803 (2011) BESIII Preliminary (arXiv:1610.07044) to PRL
PRL 111, 242001 (2013)

——— 250;_ - BESIII: R-scan data sample
Y s PRL110. 252002 (2013 _ F -+ BESIII: XYZ data sample

80 Bellesdy PRL111, 242001 ((2013)) £ 2005 _ it curve: Total
.’g‘_ —+— BESHL:wwh, [ PRL107, 041803 (2011) g [ Fiteurve: Y220)
= 60 CLEO-c:nrh, H[ £ 1505 pit curve: Y(4390)
g [ L
g i [ f I g 100
g ¥ i H I S s "
Lt » :
S 20 { H { I g i 11, P
= I E oF _—_—
EOO T b ; il

0 1 } t SOE I I I 1 I

L b b b b b | 39 4.0 4.1 42 43 44 45 4.6
39 40 41 42 43 44 45 46 47
Eey(GeY) Ecm (GeV)

S
@ Clear difference visible between ® Two peaks are visible!

7t he and wt ™ J /1 shapes @ M= (4218.4+4.040.9) MeV/c?,

_ 2

— More investigations are needed to Mot = (66.0 £ 9.0 £ 0.4) MeV/c
sort out these exclusive cross ® M= (4391.6+6.3+1.0)MeV/c?,
sections... Mo, = (139.5+£16.1+0.6) MeV/c?
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The X states: ete™ — y(nTn~J/4)
@ The X(3872) was discovered by Belle in 2003 in B — K(n"n~J/%) and

confirmed by various other experiments [PRL91, 262001(2003)]
— First discovered and best-studied “XYZ" state (JF¢ = 11%)
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The X states: ete™ — y(ntn~J/4)

@ The X(3872) was discovered by Belle in 2003 in B — K(n"n~J/%) and
confirmed by various other experiments [PRL91, 262001(2003)]
— First discovered and best-studied “XYZ" state (JF¢ = 11%)

@ BESIII: First observation of ete™ — vX(3872) — ~(xTn~ J/v):

@ Significance: 6.30
@ M =(3871.9 4+ 0.7 £ 0.2) MeV/c?, T < 2.4 MeV (90% CL)

ete” — y(wrrJ/p) at BESIIT
PRL 112, 092001 (2014)

T T

15—

r ~+ Data

N — Total fit
o
S T --- Background |
2 10— 1
= 0 L
(3] 4
5 F ]
2 | ]
2 5 ‘ l -
o ]

0

38 3.85 39 3.95

M(xtrJ/y) (GeV/c?)
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The X states: ete™ — y(nTn~ J/4))

@ The X(3872) was discovered by Belle in 2003 in B — K(n"n~J/%) and
confirmed by various other experiments [PRL91, 262001(2003)]

— First discovered and best-studied “"XYZ" state (JF¢ =177)

@ BESIII: First observation of ete™ — vX(3872) — ~(xTn~ J/v):

@ Significance: 6.30
@ M =(3871.9 4+ 0.7 £ 0.2) MeV/c?, T < 2.4 MeV (90% CL)

@ Cross section measured at /s = 4009, 4229, 4260, 4360 MeV hints
towards production of the X(3872) through a Y, but more data is needed

ete” — y(wrrJ/p) at BESIIT

ete- — y(rI/ap) at BESIIT
PRL 112,092001 (2014)

PRL 112, 092001 (2014)

15 j " ] 06
£ —4-data
r ~+ Data =5 E
r " o 05 — Y(4260)

« L — Total fit = =

© L ] = E - - Phase Space

% 10l --- Background ] S o4f -~ Linear
= L +; £
® F B £
P ] T oSk
t r ] a £
Q — 5 02F
g °f 1 g °%f
4 x £
il = 01
L E
.- © g
0 o=
38 3.85 3.9 3.95 4 41 4.2 4.3 4.4 4.5
M Jhy) (GeV/c?) E.n (GeV)
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The X states: ete™ = vy 7 Xxc12

30

@ Another state found by Belle:
The X(3823)

® M =(3823.14+1.840.7) MeV/c?,
Significance: 3.80

20

Events/(5 MeV/c?)
5
T

e

)
PRL 111, 032

— Consistent with potential model 0 !

T

boor]

Belle

001 (2013)

predictions for the yet unobserved
¥2(13D,) state!
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The X states: ete™ = vy 7 Xxc12

@ Another state found by Belle:
The X(3823)

® M =(3823.14+1.840.7) MeV/c?,
Significance: 3.80

— Consistent with potential model
predictions for the yet unobserved
¥2(13D,) state!

@ Confirmed by BESIII with a
significance of 6.20
[PRL115, 011803(2015)]

@ based on data taken at

/s = 4230,4260, 4360, 4420 and
4600 MeV

Malte Albrecht (RUB EPI)

30

Belle
PRL 111, 032001 (2013),

20

Events/(5 MeV/c?)

0

375 38 3.85 39
M, ,(GeVic®)

[=}

L = a0 o
() Background > Background
E 30 Sideband = 30 Sideband
3 20| X(3823 2 29
£ (3823)| ¢
9 10 § 10
Mgl & o
36 3.6

37 38
Megeoil ') (GEV/C?)

3.7 3.8 3.9
M) (GeV/)
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The X states: ete™ = vy 7 Xxc12

Malte Albrecht (RUB EPI) BESIII Overview

Another state found by Belle:
The X(3823)

M = (3823.14+ 1.8 £ 0.7) MeV/c?,
Significance: 3.80

Consistent with potential model
predictions for the yet unobserved
¥2(13D,) state!

Confirmed by BESIII with a
significance of 6.20

[PRL115, 011803(2015)]

based on data taken at

/s = 4230,4260, 4360, 4420 and
4600 MeV

Fits to energy dep. cross section
consistent with Y(4360) and
1(4415) hypotheses (expectation:
D-wave)

30F

Belle
PRL 111, 032001 (2013),
<
> 20
=
e
5 10| * '
m
0 PO e
3.75 3.8 3.85 39
M, ,(GeVic®)
o ~+ Data ~+ Data
240 b —Fit E 40 — Fit
(] Background > Background
E 30 Sideband =30 Sideband
~ wn
2% X(3823)| 3%
3 10| § 10
H 0! & 0
3.7 3.8 3.6 37 3.8
Meecoi('T) (GEV/C?) M) (GEV/C?)
8 g25
+Data (@) § = (b) + data
6 —Dwave o4 14, 4, F 2 —Y(4360)
: & ., --y(4415
S | -swave 05355404505 §15 1 Vi
L 4r M(r'r) (GeV/c?) o
€ & 1
o 8
@2 X 05
<o0.
T L PN i T = :
07 5% 05 42 43 44 45 46

coose Eem (GeV)
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The Z states: Discovery of the Z.(3900)

@ 2013: Discovery of a resonant structure
decaying to J/yrT in eTe” — ata " J/y C T oms

-
o
o

by BESIII [PrL110, 252001(2013)] N Z,(3900)* — Total fit
r >80 ---- Background fit
@ M =(3899.0 + 3.6 + 4.9) MeV/c?, 80~ - PHSP MC
I = (46 + 10 + 20) MeV ][ [ sideband

1

Decays to J/1 = contains cc

N
o

L B
——

B ﬁ;g-.«-u-r«..-—..-.., '

Electrically charged = contains ud
Very close to the DD* threshold

1
Events / 0.01 GeV/c?
3
T

n
o
A—

1

o

1 1
3.7 3.8 3.9 4.0
Mopax(tJly) (GeVic?)
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The Z states: Discovery of the Z.(3900)

@ 2013: Discovery of a resonant structure

Confirmed by Belle and CLEO-c Y 28 39 2.0

First observation of a four-quark state! Muax(metJly) (GeV/c?)
(by > 1 experiment)

decaying to J/yrT in eTe” — ata " J/y ook T oma
by BESIII [PrL110, 252001(2013)] N N Z,(3900)* — Total fit
o + >80 .-~ Background fit
@ M =(3899.0 + 3.6 + 4.9) MeV/c?, 3 8¢ - PHSP MC

I = (46 + 10 + 20) MeV g 60 _ ][ [ sidevand

— Decays to J/1¢ = contains c¢ 2
_ 2 40
— Electrically charged = contains ud s | + ﬁ R
D+ & 20

— Very close to the DD* threshold E +
o 0
o

70 Belle (PRL 110 252002);
+ data

60 —Fit

50

40

30

20

[ { Data CLEOc (PLB 727, 366)
30 ---- Phase Space

— Background

f—Fit
I £ Jhp Sidebands |

Counts /10 MeV
N
o

Events / 0.02 GeV/c?

L ! | = N
37 38 39 4 41 42 a0 3700 3800 3900 4000
Mpax(mly) (GeV/c?) Mpax(=J/p) (MeV)
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The Z states: Quantum Numbers of the Z.(3900)

NL’ . T S-wave Iy * “‘2 400
% 300 g}m]w (a) % 350
O 2 e 1 O
N 0
o 5 0
. - o
@ Determination of the > Q %
. . = 0 150
spin-parity of the z E
H > w
Z.(3900) is performed @ o
; . 0 )
usin a art'al wave 02 04 0.6 08 1.0 12 32 34 36 38 4.0 42
gap M., (GeV/c?) My (GEVICY)
analysis
@ Using data recorded at o o 3 — T
(1270) I c
.. L4 160

v/s = 4230 and 4260 MeV

@ Z. is parameterized with
a Flatté-like line shape

EVENTS /0.02 GeV/c?
g

EVENTS/0.015 GeV/c?

— Hypothesis J° = 1% is

preferred with a stat. %2 04 o8 10 : 52 34 36 38 40 52
significance > 7.30 over My (GeVIc) Mo (G2VIE)
other quantum number Hypothesis A(—InL) A(ndf) significance
assignments 17 over 0~ 445  4x245 7.30

1T over 1~ 107.0  4x245 > 8.00

1" over 2~ 51.8 4x2+5 > 8.00

1T over 27 193.5 4x245 > 8.00
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Summary of the Z states at BESIII

PRL 110,252001 (2013) . PRL115,112003 (2015) |[ PRL 111.242001 (2013) PRL 113212002 (2014)
% . ;“ : (2)4.230 GeV, 1091.7 pb' %: :::: 3
i /‘””‘“
M, (1( JIw)(GeV’E ) M, (Gevie'y *
ee >/ P ele - )/ ¢ 3 e'e >0’ h,
o PRL 112,132001 (2013) . PRL 115, 182002 (2015)
Sroo G ] e S
g 80} 3 % .
~ 60 S 4ol “
2 40 H
w o
3.85 3.90 3.95 4.00 4.05 4.10 4.15 4.04
M D0 Govre) . i (b
e'e -1 (DD') e'e - (DD')° ee (DD ee-n° (DD
2,(3900) “? Z.(3900)°? 2,(4020) 2 Z,(4020)°?

Two isospin-triplets of charged, charmonium-like four-quark states have
been established!
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Light Hadron Sector: The pp Threshold Enhancement

@ An enhancement at the pp threshold was observed in J/¢ — vpp by
BESII in 2003, confirmed by CLEOc in 2010

@ No evidence in related channel T(1S5) — vpp

— Nature unclear: Baryonium? Multiquark state? FSI effect?

BESII, Phys.Rev.Lett. 91 (2003) 022001 CLEOc, Phys. Rev. D73, 032001 (2006)
150 T — —— CET T T T T 1
r o ] : Y(1S)>Ypp
v I Jiy->ypp S E
2 100 - + S JO
[0] r ﬁs . . —
R AN 'HH I
§ sl H \ W' 4 'Mﬁ
& [ @

L s B

0 OdOI +—+ |0|10‘ +— \0|20\ +—+ =030 " . L ‘

. M(p ‘.)‘)_Zm (GeV/CE) : : 19 21 23 25 27 29 31

P

M(pP) (GeV/c?)
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Light Hadron Sector: The pp Threshold Enhancement

225M /Y
@ Recent achievements: “'=§ 700F peoqr — éggg E
[BESIII, Phys.Rev.Lett. 108,112003(2012)] §600_' — £,2100)]
@ Partial wave analysis in the mass region m(pp) < 2.2GeV/c? 8 i% — £,(1910)
of... S 400F el
@ J/v — ~vpp decay: E;xi ar) E
- Significant contributions of X(pp), f2(1910), f5(2100), = 100k
non-resonant 0*F contribution g T
i _ . PC _ g—+ 0 01 02 03
X(pp) structure: J 0 M, 2mg(GeV/ch)
- Breit-Wigner parameterization: 106M¢ events
M = 1832"'19(stat.)+18 (syst.) £ 19(model) MeV /¢? S
>
I = 13 £ 39(stat. )+ 3(syst.) & 4(model) MeV /c? 8
B(J/ll’ — ¥X) - B(X — pp) = 2
9. 0+0 (stat)"’1 -5 o (syst) + 2.3(model)) - 105 >
g
p _ 3]
@ 1’ — ~pp decay:
- Production of the X(pp) in ¥’ decays is suppressed by a

factor of ~ 20 over J/v — vX(pp) b5, IM 2(r)ni(GeV/c)
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Many More Oberservations at the pp Threshold

@ X(1835) — £(980)n in J/v — yK2K2n [Phys.Rev.Lett. 115, 091803(2015)]

T T
o 30 ong, =140 ]
70k ~+Data ]
S — MC projection
Q60 mm Background j
(0] ---- X(1835)
~50- — X(1560) E
5] Phase space
Saof E
<
®»30F El
T
20F El
E 10k 4
i ) fot A
0

16 1.8 20 22 24 _26 28
Myoyo, (GeV/C?)
sish
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Many More Oberservations at the pp Threshold

@ X(1835) — £(980)n in J/v — yK2K2n [Phys.Rev.Lett. 115, 091803(2015)]

@ X(1840) — 3(rt7 ) in J/p — 43(rFwT) [Phys.Rev.D 88, 091502(2013)]
o 80 x"lnbmv=1.40' E
§ 708 . IDII?:‘?mieﬂion E|
D60 mm Background
[0} ----X(1835)
~50- — X(1560) E
o Phase space
o40F E
2
@30} ]
T

20¢ 3
510 F o 3
A T AT

16 1.8 20 22 24 26 28
ngxgq (GeV/c

bl T

16 17 18 18 2 21
M(3(r'r)) (GeV/c)
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Many More Oberservations at the pp Threshold

@ X(1835) — £(980)n in J/v — yK2K2n [Phys.Rev.Lett. 115, 091803(2015)]

@ X(1840) — 3(rt7 ) in J/p — 43(rFwT) [Phys.Rev.D 88, 091502(2013)]
@ X(1870) — nrtn™ in J/¢b — wnmtw™ [Phys.Rev.Lett. 107, 192001(2011)]
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Many More Oberservations at the pp Threshold

X(1835) — £(980)n in J/¢p — yKIK2n
X(1840) — 3(xt 7 ) in J/vb — 43(nTmT)
X(1870) — nrtw™ in J/¢b — wnmtw~
Enhancement at the ¢w-threshold in J/1) — ywe[Phys.Rev.D 87, 032008(2013)]
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[Phys.Rev.Lett. 115, 091803(2015)]

[Phys.Rev.D 88, 091502(2013)]

[Phys.Rev.Lett. 107, 192001(2011)]
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X(1835) in J/1 — 0w [PRL117, 042002(2016)]

@ Two decay modes of ' analyzed
@ Observations in n'7t7™ mass:

- Apart from X(1835), three additional structures and a clear signal of the
1 become apparent

- Additionally: Significant distortion of the line shape in the vicinity of the
pp threshold!

@ Nature of X(1835) unclear: Glueball? pp bound state? Excited 7 meson?
@ Is there a connection to the pp threshold enhancement?
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X(1835) Line Shape [PRL117, 042002(2016)]
Fit Model 1: Fit Model 2:

Flatté line shape (strong coupling to pp) Coherent sum of two Breit-Wigners
and one additional, narrow Breit-Wigner (X(1835) and additional narrow resonance
at m =~ 1920 MeV/c? at m ~ 1870 MeV/c?
B e MAaanass: Raannaasanasessy 2500 [P T T
o —+Data q r —+-Data
rr + 1 TfiebalFt 1 I 6% — Global Fit
2000 {1400 ] - X(1835) — 2000 1 “Xas3syxqsrey]
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r a 1 : a ]
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Almost equal fit quality, but both models suggest a broad
resonance below, and a narrow state very close to the pp
threshold
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Conclusions and Outlook

@ BESIII operating successfully since 2008

o Collected large data samples in the 7-charm mass region

@ Study of X, Y and Z states

e BESIII is ideally suited to explore transitions and decays of Y states
and thus to map the XYZ-spectrum
o Established isospin triplet states Z-.(3900) and Z.(4020)

@ Light Hadron spectroscopy in charmonium decays

o Benefit from world’s largest J/v and v’ data sets
— Clean environment and high statistics

o Understanding structures near pp threshold

@ Sophisticated partial wave analyses ongoing

Exciting times in hadron spectroscopy
with many more results not covered in this talk!

Thank you for your attention
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The BESIII Collaboration

EUROPE
14 institutions: CHINA
USA Bochum University, Budker Instituteof 34 institutions:

5 institutions: Nuclear Physics, Ferrara University, IHEP, CCAST, UCAS, Beijing Institute of
Carnegie Mellon University; GSl.Darmstadt, Helmholtz Institute Petro-chemical Technology, Beihang Univ.,
Indiana University; University Mainz, INFN, Laboratori Nazionali di Guangxi Normal Univ;, Guangxi Univ.,

of Hawaii; University of Frascati, Johannes Gutenberg Hangzhou Normal Univ., Henan Normal
Minnesota; University of University of Mainz, Joint Institute for Univ,, Henan Univ. of Science and
Rochester Nuclear Research (JINR), KV1/ Technology, Huazhong Normal Univ.,
University of Groningen,Turkish Huangshan: College, Hunan Univ., Lanzhou
Accelerator Center Particle-Factory Univ;, Liaoning -Univ., Nanjing Normal
Group (TAC-PF),Universitaet Giessen, Univ., Nanjing: Univ,, Nainkai Univ., Peking
University of Minster, University of Univ., Shanxi Univ; Sichuan Univ.,
Turin, Uppsala University Shandong Univ., Shanghai Jiaotong Univ.,
Soochow Univ., Southeast Uny., Sun Yat-
~350 members sen Univ., Tsinghua Univ., Univ. of Jinan;
i ituti - Univ. of Science and Technology of Ching,
58 |nsi|iui|on:=> LT OTHER IN ASIA Univ. of Science and Technology Liaoning,
12 countries 5 institutions: Univ. of South China, Wuhan Univ.,

COMSATS Institute of Information Technology Zhejiang Univ., Zhengzhou Univ.

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

hitp://bes3.ihep.ac.cn
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Backup
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Nature of the XYZ States

NA Tornquist 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)

mesons. The dominant binding CrAWanglPROI6oA0SS202(2004)

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)
Tetraquark D Ebert et al PLB 634, 214 (2006)
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

f : P Lacock et al (UKQCD) PLB 401, 308 (1997)
Charmonium hybrids 5.7+ PLB 625, 212 (2008)
Bound states with a pair of quarks and one excited FE Close, PR Page PLB 628, 215 (2005)
. - , O Pene PLB 631, 164 (200!
gluon; Lattice and model predictions found that the Em O.ene LB iCa1 1164 (2000)

lowest charmonium hybrids lies around 4200 MeV

Glueball

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

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