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* Plasma physics and
physics of high EM fields

* Nuclei far from stability

* Quark-gluon structure
of hadrons
<10 m
* Dense nuclear matter
and quark-gluon plasma

* Intense (12 000 GWi/g)
short (50 ns) HI beam
pulses

«1-1.5 Gév per nucleon
beams of shortlived
nuclei

* 60 GeV proton beams
= 15 Gev cooled antiproton
beams

= 20-30 GeV per nucleon
HI beams (U**)
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Fundamental questions in strong-interaction physics probed in high energy
- nucleus-nucleus collisons:
Confinement, broken chiral symmetry and the origin of hadron masses

Experiments search for:

¥ Transition from hadronic to quark-gluon matter
¥Restoration of chiral symmetry

¥New states of strongly interacting matter




GS| Future Proje R

N & odieng Gain Factors

*» Primary beam intensity:
Factor 100 — 1000
* Secondary beam intensities for
radioactive nuclei: up to factor 10,000
* Beam energy. Factor 15

SIS 100/200

Special Properties

* Intense, fast cooled energetic beams of
exotic nuclei

* Cooled antiproton beams up to15 GeV

* Internal targets for high-luminosity
in-ring experiments

New Technologies

'''''
------

» Fast cycling superconducting magnets
| « Electron cooling at high ion intensities
100 m A\ and energies
: > » Fast stochastic cooling
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Figure 3.1: Location of the prajected new international focility

All of the other buildings and facilities will be arranged south of the large ring tunnel.
For these buildings, an above-ground solution is more economical here. The construc-
tion of the above-ground buildings will require the clearance of approximately 14
hectares of forest that will be replanted in another area.
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COSTS
Building and infrastructure: 225 Mio.
Accelerator: 265 Mio.

Experimental stations / detectors: 185 Mio.

Total: 675 Mio.
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Section 1

SIS 100/200

Figure I: The existing GS81 faeility (blue) with the linear accelerator UNILAC, the heavy-ion
symchirotron SISIE, the fragment separator FES and the experiment siorage ring ESR; and the
new prajeet (red) with the double-ring synchrotron SIS100/200, the high-tnergy storage ring
HESR, the collector ring CR, the new experiment storage ring NESE, the super-conducling
fragment separalor Super-FRS and several experimental stations. The present UNTLAC/SISIS

compler serves ag injector far the new double-ring symchrofron.






Figure 115  First  direct
observation  of bound-stale §
decay. Bare ™71 nuclei were
produced ond separated in he
fragment eeparafor FRS, Hhen
injected o the ESR, where they
were stored and electron-cooled.
Disployed is the time evolution of
three  Schottky lines  which
correspond, from left fo right, fo
bare #%T] in an isomeric nuclear
siate, bare ®TT (i the nuelear
ground stafe, and o the bound-
stale fedecay doughter of bare
WY e, hydrogen-like 28PH S04,

Lo i
13 min.




Figure 1.7: Layout of the High-Energy Storage Ring (HESR) with the electron eooler and the
almost hermetic detector systen af the internal target position.



m:.wmmﬂmmmmmmﬂmmmnm The figure
indicates the antiprofon momenia required for charmonium spectroscopy, the search for
charmed hybrids and glueballs, the production of D meson pairs and the production of = baryon
pairs for hypernuclear studies. The energy range covered by the former Low Energy Anliproton
Ring (LEAR) at CERN s indicated by the arrow.
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Figure 2.4. Charmaniwm stales and their decay modes. Undiscovered and poorly known slales

are marked by dashes.
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Figure 2.5, Comparison of measurements of the o resonance obtained by e'e annihilation
(Crystal Ball, SLAC) and by Fp annihilation (E£35, Fermilab).
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Figure 2.8, Potentials between static quarks at séparation R, in unitz of re O 0.5fm, as derived
from LQCD calculations (scaled from [21]). The Vi curve represents the ground-siate potential
{no gluonic excitation) and corresponds ta the conventional & states o 'y tr W, ete. The Vi
potential originates from the first excited state of gluonie fux, giving rise lo acg hybrid siates.
IThe ccg ground stale has the spin-exofic guantum numbers JFC=]"+ and is predicted o be a
narrow stafe at about 4.8 GeVies,
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Figure 2.10. The glueball spectrum as derived from recent LQCD ealeulations [33), with 15
states it Lhe mase region belween 1.5 and 5.0 GeV/e!. The relative mass uncerlointies are
indicated by the vertical extent of the boxes, For the J'C = (" ground atale, a good experimantal
candidale has been found in pp-onnihilations, namely the f1500). All other Blusballs gre
awaiting experimental discovery, The 2+~ state at 4.8 GeV/e? is of special interest, because it
has exolic quanium numbers and can thug be easily distinguished from g7 elates,



Figure 2.13. Schematic

picture of hadron masses in vacuum and mass splitting in the nuclear

medium at normal nuclear matler densily as derived from [36,38, 39].



Figure 2.15. Charmonium stales in compo

_ E!?{"':';'l-a-.u
| |__rpB L,
oD

| - S m

rigon fo the DD threskold in vocuum and in the

clear mediwm af normal and tuwice normal niclear matier density, The figure is taken from

{41].
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Figure 2.18. Exciltation functions for K* and K- meson production in heavy-ion collisions and
elementary nucleon-nucleon reactions. The figure is taken from [38].
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Figure 2.14. Total D) meson poir production cross seclion bt P annihilation en Au fu;fper
curves) and on nucleons (lower curve) as a funclion of the antiproton energy. The eross sectiond
for annihlation on Au were coleuloted for free (dashed eurve) and in-medium (upper eodid
ctirve) masses of the D mesong, The figure is taken from [42).
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Figure 3.20 The average number of mesons produced per central AutAu collision (multiplicity)
as function of the incident beam energy. The calculation was performed with the HED transport
code. No in-medium nass modification was taken into account (token from [§I])



