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Some Open Questions in

Non-Perturbative QCD
generation of hadron masses i \1,
"‘fﬁ/}?ﬁ%vfy'

strong interaction at large
distances

spin puzzle

multi-quark systems

(flux tube animation by D. Leinweber et al.)



Charmonium Spectroscopy

positronium of QCD

Mass P momentum

narrow states MoV et

4100 8.0
W(4040) oD

transition between | .,
massless and
heavy quark limit 3700

3500

well
understood!?? 00

3100

++

2000 = ) o7 1 I 0,12y 17¢ =34




Model Predictions in Charmonium
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Two narrow states expected,

but the 1D multiplet is theoretically
t3:|ose to degenerate, near the

D,y (3770).
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* T.Barnes, S. Godfrey, E.S. Svanson; hep-ph/0505002 (2005)




Who ordered that?
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Gluonic Excitations

* hybrids: “ordinary” quark

ﬁ states containing excited

glue
e glueballs: gluonic states
= Without valence quark

‘@ . contribution



Hybrids e

e light quark hybrids:
— exp. candidates: n,(1400), ,(1600), ...
— problem: mixing

e charmed hybrids:

— prediction: m=3.9 - 4.5 GeV/c?, harrow

— lowest state: 1-* exotic => no mixing} ;- ;+

10° — I
decay: 17—+ (w0 s |8
Le Jhp+y 5 g
L, ete 1l %
(C. Michael, hep-1at/0207017) f S
— also 0--, 0* and 2* do not mix 10-20'

2000 4000
MeV/c




Morningstar and Peardon;

PRD60 (1999) 034 509
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Glueball Predictions

Lattice QCD calculations by

Flux tube calc. by

Brower, Mathur and Tan.
Nucl. Phys. B587 (2000)249
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[\ Glueballs

e light glueballs:
— exp. candidate: f,(1500)
— well established
— ordinary quantum numbers °

— problem: mixing,

L

Crystal Barrel

m?*(n°n®) / GeV*

e glueballs above 3 GeV/c?:
— few mesonic states
— less mixing
— smaller width %0 1 L
— exotic states: 2+, 0* do not mix




In-Medium Mass Modifications

_
T -, 25 MeV
« HADES, CBM: .
p, w, ¢ studies K B T—
100 MeV
« PANDA: extension <
to the charm sector b s A

A. Hayashigaki, PLB 487 (2000) 96



Extension of the Nuclear Chart
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Neutron Number

e Do we understand the YN interaction?



Other Topics

 Drell-Yan processes
 Time-like form factors

e Hard exclusive processes




What is Experimentally Needed?

e gluon-rich environment
=> proton-antiproton anihilations
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What is Experimentally Needed’?

e gluon-rich environment
= proton-antiproton anihilations

e all gquantum numbers
= formation exp. i.e. large acc. detector, flxeo+l+ target

* precise resonance scan R
= high precision hadron beam (cooled) : ': % ¢

* high statistics samples
= high luminosity and prod. cross section

Crystal Barrel
\— ,(1500)
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m*(n°n®) / GeV?



What is Experimentally Needed’?

e gluon-rich environment
= proton-antiproton anihilations

all quantum numbers

= formation exp. i.e. large acc. detector, flxed target
° precuse resonance scan

= high precision hadron beam (cooled)

* high statistics samples

= high luminosity and prod. cross section

 physics topics

=> energy range p;=1.5-15 GeV/c>
—

~
)
>

s-hyperon, c-meson, c-hyperon pairs

hybrids

c-hybrids

glueballs

charmonium

1 2 3 4 5

Crystal Barre‘
fo(1500)
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FAIR: Facility for Antiproton
and lon Research

Existing GSI-Facilities




FAIR: Probing the Intensity Frontier
with Secondary Beams

{ Primary Beams ]

« 10'2/s; 1.5 GeV/u; 23828+
« 1019/s 23873+ yp to 35 GeV/u
 3x10"3/s 30 GeV protons

Supraleitender
Doppelringbeschleuniger

s ol [ ) [Secondary Beams }
¢ e / future A - broad range of radioactive beams up to
' 1.5 - 2 GeV/u; up to factor 10 000 higher
ARSSONINS FAIR in intensity than presently

« antiprotons 3 - 30 GeV

{Storage and Cooler Rings]

B existierende Anlage

I geplante Anlage * radioactive beams

B Experiments

Experimenter- und « 10" antiprotons 1 - 15 GeV/c,
stored and cooled

{Technical ChallengesJ * cooled beams, rapid cycling superconducting magnets, etc.




Antiproton Anihilations at Darmstadt
PANDA

charmonium spectroscopy 8 .
gluonic excitations (hybrids, glueballs) ( pa “@ =

——

open and hidden charm in nuclei
y-ray spectroscopy of hypernuclei
Jhy-N scattering
inverted DVCS
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EM and Hadron
Calorimeters

Muon Counters

Target
Generator g

g

——



Disk DIRC




Glasgow Activities: Field Calculations _

 Clamping:
— field decoupling
— homogeneity
— space for muon counters
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Glasgow Activities: Orbit Errors

* Field alignment difficult
* Uncertainties of the magnet fields
« 3D Tosca magnetic field calculations|

WV VECTOR FIELDS

 Small misalignment of the solenoid (0.2° = 3.5mrad):
- trajectory shift up to 23mm
- beam-momentum dependent

e Saturation effects in the dipole:
- small trajectory shift ~0.4mm



Glasgow Activities: PANDA GRID
Ly __Alikn
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Glasgow Activities: PANDA GRID

1 | Glasgow OK OK OK OK |OK |OK || OK | OK OK
2 GSI OK OK OK OK ||OK |OK || OK | OK OK
3 | Crakow OK OK OK OK ||OK |OK || OK | OK OK
4 | Vienna OK OK OK OK ||OK |OK || OK | OK OK
5| Juelich OK OK OK OK ||OK |OK || OK | OK

6 | Torino OK OK OK OK |OK |OK || OK | OK OK
7 KVI OK OK OK OK ||OK |OK || OK | OK OK

File transfer tests are performed for all pair combinations.

From/
Glasgow OK OK OK OK OK
Gsl oK
Crakow OK OK
Vienna OK OK
Juelich OK OK
Torino OK OK
KVI OK OK
2.4.20-27.9smp 1686 3.2.2 ALIEN src 20 lob submission and execution:
Glasgow 2.6.9-11.ELsmp X86_64 3.43 || TORQUE || src || 2x30 E .
I KV I Torino | Juelich | Vienna | Crakow | GSI ] Glasgow
2.4.21-27.ELsmp X86_64 3.2.3 TORQUE 2x120
IOKIOK'OK OK oK OKIOK
Gsl 2.4.26-gsi unknown || 2.95.4 LSF bin || 2x100
Crakow 2.42127.0.2EL i686 | 3.2.3 || FORK fo do list:
Vienna 2.4.21-37.EL.cern 686 3923 FORK 1. Add batch queues behind the front end machines where available
2. Install CBM package and try it out
Juelich 2.6.11.4-21.11-smp i686 3.3.5 FORK 3. Add new sites
Torino 2.4.21-32.0.1.EL.cernsmp 1686 3.2.3 FORK src
KVI 2.6.9-1.667smp i686 3.4.2 FORK src
Bucharest 2.4.21-37.EL.cernsmp i686 3.2.3 FORK bin

Last modified: Mon May 15 14:03:04 BST 2006



Glasgow Activities: Cherenkov Disc DIRC

Compact
focussing

Mirror - torus

Methanol
n3

Fused Silica

n2 \—\ I.\‘

MCP PMT (4 channels)

Fused Silica
Air

Focal Torus

. (phatodetectons) dichroic filter (reflecting green,
R transmitting blue light)
\‘\ Lithium Fluoride * 4 :
dichroic filter (reflecting blue,

nl
| transmitting green light)

aperture for far forward region

active area of DIRC Disk

A \/&\.{;(;r

passive margin outside the
acceptance (> 22°)

| 185 mm I
|
12 mm| |
I \I\ Radiator:
| Fused Silica.
l n0
! thickness — 12 mm Note: Aperture for beam not to scale

diameter = 2160 mm



Glasgow Activities: Cherenkov RICH
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Summary

e Hadron Physics
— challenging field full of open questions

e PANDA Experiment

— studies with unprecedented precision:
e strong interaction at large distancies
 new forms of matter

— large collaboration, well on track

e Still alot to do!
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PANDA Collaboration

Universitat Basel, IHEP Beijing, Ruhr-Universitat Bochum,
Universitat Bonn, Universita di Brescia + INFN, Universita
di Catania, University of Silesia, University Cracow, GSI
Darmstadt, TU Dresden, JINR Dubna, JINR Dubna,
University Edinburgh, Universitat Erlangen, Northwestern
University, INFN Sezione di Ferrara, Universitat Frankfurt,
LNF-INFN Frascati, INFN Sezione di Genova,Universita
di Genova, Universitat Giel3en, University of Glasgow, KVI
Groningen, Institute of Physics Helsinki, FZ Julich - IKP |,
FZ Julich - IKP Il, IMP Lanzhou, Universitat Mainz,
Universita di Milano, TU Munchen, Universitat Munster,
BINP Novosibirsk, IPN Orsay, Universita di Pavia, PNPI
Gatchina St. Petersburg, IHEP Protvino, Stockholm
University , Universita di Torino, Universita de Piemonte,
Universita di Trieste + INFN, Universitat Tubingen,
Uppsala Universitet, TSL Uppsala, Universidad de
Valencia, Stefan Meyer Institut fur subatomare Physik,
Vienna, SINS Warschau

15 countries — 47 institutes — 370 scientists





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


