
Low rates

and large backgrounds

poses a challenge for 
for the detector which 
must be understood 
already in advance. 
Therefore extensive 
simulations are 
necessary.

Jost Lühning

Further information:
PANDA homepage http://www-panda.gsi.de
The PANDA technical progress report 
(accessible from the webpage).
Was published in february 2005 and contains 
timeslines, plans, simulations, technical solutions 
and upcoming R&D-work.

HESR – High Energy Storage Ring
Maximum luminosity

Beam momentum range

Number of circulating antiprotons

Momentum resolution 
Electron cooling
Stochastic cooling
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PANDA (Proton ANtiproton DArmstadt) will be 
a fixed target antiproton-proton (and pbarN) 
experiment at the future FAIR-facility at GSI, 

Germany.
The modular detector will have a central and a 

forward part and the energy range
will cover the upper part of the light hadron 

spectrum, the charmonium region and several 
possible gluonic excitations. 

The emphasis is on high resolution and  large 
phase space coverage to allow for PWA, and 

high rates to access rare reactions. The 
detector is to be onsite in 2010

The       exotic     charmonium hybridPCJ -+1
Lattice QCD and fluxtube models predict the 
exotic      hybrid to be the lightest charmonium
hybrid with a mass in the region of 4-4.4 GeV. 
Here there are narrow states which probably give small mixing. 
Due to dynamical suppression of 
decay into charmed hadrons 
(combinations of DD) the state 
could be as narrow as 20 MeV.

Assuming non-relativistic quarks, where the 
charm L, S are preserved and only the excitation 
of the gluonic fields goes into light hadrons.

At masses below the            threshold, decay 
would then be mainly into conventional charm
and a light scalar. 
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A PANDA benchmark 
detection channel for 
hybrid charmonium

PCJ

Detector requirements:
Rate capability ~ 107 events/s 
Vertex reconstruction for D,
KS, Л, Σ, and Ξ (σ ≤ 100 μm) 
Momentum resolution 
Δp/p ≈ 1-2 %
Particle identification for γ,
e±, μ±, π±, K±, p and pbar.
Sophisticated and fast trigger
scheme
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How many hybrids would we be able create at PANDA?

cc pp m known amplitude A
extrapolate A to pp cc m

→ +
→ +

We know this decay width…

It’s a kinematical extrapolation, 
but not very far..

Integrate

Width proportional to 
Dalitz area
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We want to know this cross
section.
We turn the diagram around!

J/

p

p

A

?A cc -hybrid at PANDA

Hadronic states don’t necessarily
have to have this form. Quantum 
Chromo Dynamics also allows for

Pentaquarks
Hybrids
Four-quark states
Glueballs
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The constituent quark model 
includes mesons        and 
baryons         . 
These are our classical states!
Mesons have quantum numbers:
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Spin, parity and 
charge conjugation as
formed by two-fermion
states

In panda all such q.n. will be 
accessible in formation and all
other (spin-exotics) in production 
(in association with other particles). 

Formation
The two particles fuse into the 
intermediate state. Resolution 
depends on the beamquality.

Hadron generation in e+e-
proceeds through an 
intermediate photon. 
Only the vector 
charmonium system
is well scanned in
high precision electron
positron experiments.
Other charmonia are 
reached through decays.

Production
The state is reached through 
decays or production of 
several particles. For 
example charmonium or B-
decays. Resolution depends 
on the detector.

+ -e e versus pp
--ψ(cc in 1 )

In ppbar all nonexotic
quantum numbers are 
reached directly in formation.

[Charmonium production in ppbar annihilations: Estimating cross sections from decay widths. 
A.Lundborg, T.Barnes, U. Wiedner PRD73 (2006) 096003.]

PANDA 2006 have 300 people from 15 countries and 46 institutes

Agnes Lundborg, 
Ph. D. at Uppsala University

Technical Progress 
Report simulations

Charmed hybrid – red curve

•7 photons, 2 oppositely charged tracks
•Mass window cuts on the intermediate particles.     

Gives 12% detection efficiency.
Any possible background would include a

and many photons. No obvious background candidatesJ ψ
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Use experimental data

Results.
Isoscalars
enhanced?

Effect of N*.

Cross sections in 
the order of
10 pb to 1 nb

Comparison with
PCAC and E835
measurement

In Crystal 
Barrel the 
exotic

was 
produced 
at similar 
rates as the normal 
meson. 
We hope that this is the
case for charmonia as 
well.
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[For more discussion see: Exotic charmonium hybrids at PANDA,
A.Lundborg, Hadron03, AIP conference proceedings, p 431-435]

By varying the beamenergy stepwise the state is scanned. 
The mass resolution obtained is far superior than the 
resolution from reconstruction of the detector energy 
measurements. Only nonexotics can be formed, detection 
in production but not in formation immediately tells you 
that the state is something exotic.

Resonance shape

Beam shape

Measured signal
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pp

All neutral channel

No significant structures or regions of 
poor efficiency for the calorimeter
setup.

→ →0 0pp ηπ π 6γ


	Slide Number 1

