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Back to 1974: the "November Revolution”
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next available Greek letter was
“lota” L = “insignificance”

Be happy they skipped that one!
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QCD, its consequences
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QCD, its consequences
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Meson spectroscopy and beyond
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Charmonium - the “positronium” of QCD
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Charmonium - the “positronium” of QCD
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Charmonium - the “positronium” of QCD

MASS [GeV/c?]
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Narrow quantum states
- beacons of QCD
- hardly overlapping
- background suppressed
- ideal experimental probes

Heavy charm quarks
- dominant non-relativistic
- probes regime between
perturbative and strong QCD

Physics!
- confinement potential
- search for exotic hadrons
- QCD dynamics
- beyond standard model
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B'ES]]I today’s charmonium factory

74

July 2008: first hadronic event
March 2009: physics data taking
Today: world’s largest data set
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A few “old” highlights of BESII
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A few “old” highlights of BESII
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A few “old” highlights of BESII
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A few “old” highlights of BESII
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Charmonium: precision & discovery!
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Charmonium: precision & discovery!
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Charmonium: precision & discovery!
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Charmonium: precision & discovery!

Situation before 2013!
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X(3872): the “"Poster Boy” of a new era!
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X(3872): the “"Poster Boy” of a new era!
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X(3872): the “"Poster Boy” of a new era!
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X(3872): the “"Poster Boy” of a new era!
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X(3872): the “"Poster Boy” of a new era!
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X(3872): the "Poster Boy” of a new era!
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Large isospin breaking:
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Spin-parity (recent LHCb study):
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Y(4260,4360): other exotics?
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Y(4260,4360): other exotics?
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Y(4260,4360): other exotics?
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Y(4260,4360): other exotics?

MASS [GeV/c?]

4.4

4.2

4.0

3.8

2Mp)

3.6

3.4

3.2

3.0

Xc2(3%P2)
| [no@isg) L&
Xc2(23P2)
X(3872)?
B RES) [a(@Po)|
)
P’(2384)
Nc’(2'So)
Xe2(13P2)
)
5
[ [ne(1780)]
o+ 1-— 1+ O++ 1++ 2++

JrPC

==

P

11

HYBRID CHARMONIUM?

Lattice calculations

Hadron Spectrum Collaboration |
JHEP 1207, 126 (2012)

j0—+\1—— i A A S A s 2+—j

mass of ground state used as input




BESIT - in action!

MASS [GeV/c?]

4.4

4.2

4.0

3.8

2Mp)

3.6

3.4

3.2

3.0

he(31P+1) Xc1(33P1)

Xc0(33Po)

Xc2(33P2)

Xc2(2%P2)

X(3872)?

Xc0(23Po)

w2(13P
g

-
o+ 1-—- 1+ O++ 1++ 2++

JrPC



BESTT - in action!
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BESIT - in action!
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The Z.(3900) was born...
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Why the excitement?
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Why the excitement? PRL110, 252001 (BESIII) (2013)
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Why the excitement?

PRL110, 252001 (BESIII), 252002 (Belle) (2013)

Zc(3900)

A charged and charmonium-rich state

At least 4 quarks involved

Confirmed by Belle and Cleo-c data
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Why the excitement? PRL110, 252001 (BESIII), 252002 (Belle) (2013)
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Why the excitement?

PRL110, 252001 (BESIII), 252002 (Belle) (2013)
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A charged and charmonium-rich state

At least 4 quarks involved

Confirmed by Belle and Cleo-c data

DD* decay strongly hints to JP=1*

Z:’ state found: ~120 MeV/c? heavier!




Why the excitement?

PRL110, 252001 (BESIII), 252002 (Belle) (2013)
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Isospin triplet established!
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Why the excitement? PRL110, 252001 (BESIII), 252002 (Belle) (2013)
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Why the excitement? PRL110, 252001 (BESIII), 252002 (Belle) (2013)

PRL112, 222002 (LHCb) (2014)
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X(3872) in radiative transitions PRL 112, 092001 (2014)
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X(3872) in radiative transitions

PRL 112, 092001 (2014)
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X(3872) in radiative transitions

PRL 112, 092001 (2014)
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X(3872) in radiative transitions

PRL 112, 092001 (2014)
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X(3872) in radiative transitions

PRL 112, 092001 (2014)

MASS [GeV/c?]

s L —
- BESIT AT
~ - — Total fit i
Xe2(3%P2) % Wk --- Background -
= i i
42 | = i .
> | i
= [ il
e s —
40 | (o - -
xAre 1l l l l H
o(2'P1) X(3872)? Olf_ﬁf. 8| im l ot rpt
38 I ETERS [xco(22Po)| 3.8 3.85 3.9 3.95
oM}~ LIJ (233) """""""""""""""""""""""""""""""""""""""" M@t J/y) (GeV/c?)
1
ne’'(21S0) 0.6 I-
36| [ ofeTeX(3872)) 1LY —- data
3 -
I:Xc1(1ap1) @I :S; 0.5 — g(e+e—_)ﬁ+ﬂ_J/r€b) £ /0 — Y(4260)
= B ---- Phase Space
| -Xc (13Po) —— i
3.4 7.‘.—|— T — ~vX (3872) another decay Linear
mode of the Y(4260)?
T n
3.2 } z.r\(l\ -
0.2
8 %
_ < N
ol s {7 s OE
o+ 1-—- 1+ O++ 1++ 2++ 04

JrPC




New class of hadronic matter seen, but...




New class of hadronic matter seen, but...

hadronic molecule? tetra-quark?

Voloshin; Tornqvist; Close; Braaten; Swanson; Hanhart... Maiani, Piccinini, Polosa, Riquer, ...

hadro-charmonium? something else?

Voloshin, ...

ISPE model _



New class of hadronic matter seen, but...

hadronic molecule? tetra-quark?

Voloshin; Tornqvist; Close; Braaten; Swanson; Hanhart... Maiani, Piccinini, Polosa, Riquer, ...

hadro-charmonium? something else?

Voloshin, ...

ISPE model

Requires completing spectrum AND accurately determine properties
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BESIII at IHEP, China

> electron+positron
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The next generation charmonium spectroscopy

BESIIl: 2008-77? PANDA: 2019-77?

BESIII at IHEP, China PANDA at FAIR, Germany

> electron+positron > anti-proton+proton or light nuclei
> couples dominantly to JP¢=1-states =~ > couples to many JPC states

> clean environment > hadronic environment, background



The next generation charmonium spectroscopy

Scanning with cooled anti-protons:
mass and width determination PANDA: 2019-??

PANDA at FAIR, Germany

> anti-proton+proton or light nuclei
> couples to many JPC states

> hadronic environment, background



The next generation charmonium spectroscopy

Scanning with cooled anti-protons:
mass and width determination PANDA: 2019-??

X (3872) — J/¥ntn~

MC simulations
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‘g 160__ —t— NG Dala \2-’“df 3.872 GeV 535é331£1\51
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G - . §,’°,’,’:f§f;‘ (|72 869168 keV||
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B M. Galuska, S. Lange
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60— . . .
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40— .
- + it A W o = . > couples to many JPC states
20—_ ++ «’{EI! k%"_i_
TN A > hadronic environment, background
3.8716 3.8718 3872 3.8722 3.8724 3.8726
Results are preliminary. Only statistical errors are shown. \/E ‘.-" GeV

M. Galuska et al., PoS(Bormio2012)018




PANDA, the challenges
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PANDA, the challenges
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Charming DiZ.overies using matter-antimatter annihilations

The strong force fascinates:
confinement, origin of mass, exotic matter

Charmonium provides a unique window
to study the dynamics of the strong force




Charming DiZ.overies using matter-antimatter annihilations

The strong force fascinates:
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