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The dynamics of QCD!
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The dynamics of QCD!

Strong coupling

perturbative QCD
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Ordinary versus “exotic” matter

BESII




Ordinary versus “exotic” matter

BESII

Baryon

proton, neutron, ...

Meson

q

pion, kaon, ...



Ordinary versus “exotic” matter

Baryon Tetraquark

Glueball

Pentaquark
proton, neutron, ...

Meson

Dibaryon

q

pion, kaon, ...



Ordinary versus “exotic” matter

“ordinary matter”

“matter at extremes”
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Charmonium - the “positronium” of QCD T

S=S,+S,

J=L+S

P=(-1)L+1

+radial excitations
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Charmonium - the “positronium” of QCD LA
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* Symmetric e*e collider:
> Vs=2.0-4.6 GeV

* Design luminosity:

> 1x1033 cm2s1 (at y(3770),
achieved in 04/2016)

* Data taking started in 2009
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Charmoniume-like particles - terra incognita ™
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X(3872) - “"Poster Boy” of a new era!
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Discovered by Belle [PRL91, 262001 (2003)]

[I' <1.2MeV

Surprisingly narrow:

Suspiciously close to DD* threshold:
AFE = —0.13 £ 0.40 MeV

Large isospin breaking:
B(X = pJ/¥) ~ B(X — wJ/¥)

Seen by *many* experiments, including
BESIII; more later! [PRL112, 092001 (2014)]
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The mysterious “Y"” states: Y(4260, 4360)
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Y states do not fit charmonium:
“wrong mass”, small coupling DD

O+ 1-— 1+ O++ 1++ 2++
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The mysterious “Y"” states: Y(4260, 4360)
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Z(3900) - break-through by BESIII!

BCSII
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Z(3900) - break-through by BESIII!

PRL110, 252001, 252002 (2013)
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2(13P2) 2
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3.4 . 0
A charged and charmonium-rich state
30 established cc states At least 4 quarks involved
predicted, undiscovered Confirmed by Belle and CLEO-c data
neutral XYZ mesons - -
30 |- [iisg] _ Spin-parity 1*:  [BESIII, PRL119, 072001 (2017)]

— on  1m  om More Z states discovered afterwards!




Z(3900) and beyond...
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Multiplet(s) of new matter

discovered!




Break-through! It is just the beginning...

A ko i i l‘

Internal structure?

Level scheme?

Spin-parity JPC?

Width/lifetime?

Production and decay?
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From discovery towards precision

"high lumi | o o
XYZ data" |: o« o

10

I I.IIIIIIT. I IIII|I||

"R scan data"

Open charm threshold
I 1 111 III|

4 5
E.., [GeV]

* XYZ region: 3.8 ~ 4.6 GeV, integrated luminosity: 12 fb-1
* 104 energy points between 3.85 and 4.59 GeV (R scan)
* ~20 energy points between 2.0 and 3.1 GeV
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“Y"” spectroscopy from Belle and Babar

[PRD 86, 051102(R) (2012)]
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[PRL 118, 092001 (2017)]

Precision Y" spectroscopy at BESIII
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Precision “Y"” spectroscopy at BESIII

[PRL 118, 092002 (2017)] . [PRL 118, 092001 (2017)]
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Precision “Y"” spectroscopy at BESIII

BESIH

[PRL 118, 092002 (2017)]

[PRL 118, 092001 (2017)]
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New insights in the mysterious X(3872)

BESII
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New insights in the mysterious X(3872)
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New insights in the mysterious X(3872)

BESII

MASS [GeV/c?]

4.4

4.2

by
o

Mp+Mp-

w
®

2Mp

3.6

3.4

3.2

3.0

- [arsa S

| Xc2(33P2) I

| X(4160)

| w@Dy) |

| 3
| [naesg ) | EEoeo]
X(3940)
nc'(2'So)
established cc states
predicted, undiscovered
neutral XYZ mesons
0+ 1-— 1+ O++ 1++ 2++

JPC

Events / 3 MeV/c?

oB(yX(3872) —»yr'w J/y) (pb)

[PRL 112, 092001 (2014)]

I
15 — —
- —+- Data -
I — Total fit ]
i === Background ]
10 — —
oimw. LU R ()11
3.8 3.85 3.9 3.95
M(rrrJ/y) (GeV/c?)
0.6
N —4— data
0.5 — Y(4260)
I Phase Space
0.4F --- Linear
0.3F
0.2
0.1F
oR
4




New insights in the mysterious X(3872)
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New insights in the mysterious X(3872)
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New insights in the mysterious X(3872)
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New insights in the mysterious X(3872)

BESIH

Z(4430)+
S,)

Xc2(32P2)

5 560) he(31P1) [Z2(4250 v~1(33P4)

1 * We find 5.20 evidence for X(3872) — m0y,1.

* We measure branching ratios
Ry =B(X —= %) / B(X —= strrt-J/p):

Ro < 19 (90% U.L))
R =0.88+031_g,6+0.14
R> < 1.0(90% UL

* The large value for R; disfavors the

%c1(2P) interpretation of the X(3872).

14 O+ 1+ 2+
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XYZ states at BESIII




XYZ states at BESIII

Charmonium(-like) systems revealed many
insights in the dynamics of the strong force

... from the discovery of “charm” in the 70s
till the recent discovery of exotic hadrons

BESIIl is a leading player in the field, using
et*e- annihilation in the charmonium regime

High statistics samples have (recently)
been obtained to unambiguously measure
the properties of various XYZ states

...and to make new discoveries in this
exciting field of hadron physics
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