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Physics at Accelerators
From the KWI/MPI Cyclotron to the CERN SPS

On the occasion of Rudolf Bock’s 90th Birthday
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1932    W. Bothe Director of the University’s Physics Institute (successor to Lenard) 
1930    Kaiser-Wilhelm Institut für medizinische Forschung (Pathology, Physiology, Physics, Chemistry) 
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W. Bothe and the KWImF in Heidelberg in the 1930/40s

1934    W. Bothe Director of the 
KWImF Physics Institute
Only few staff assistants
Best known:

1935-1946 W. Gentner
1935-1952 H. Maier-Leibnitz  

1936    Van-de-Graaff acceler.
1st in Europe; Gentner
(0.5 MeV p+7Li à 2𝛼+17 MeV 𝛄)

1936ff  Main research domain:
nuclear photo effect 
(’nucl.giant dipole res.’)   

1937    Physics Conf. in Paris  
Lecture by Gentner
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Cyclotrons in the 1930/40s
USA: 

Europe:

1937  1st French cyclotron under preparation by
Frederic Joliot-Curie, College de France 
Visit by W. Bothe, W. Gentner et. al

1938-1939  Extended visit of Gentner in Berkeley 
1940-1942  Gentner in Paris (in 1940 also Bothe)
1941   First beam extracted; later 7 MeV d  

1939   80t magnet ordered by the KWImF

1944 1st German cyclotron running     

1930-1939 Ernest Lawrence, Berkeley
(inspiration by Wideroe publ.1928)
5 cyclotron generations: 4”… 60”(40 MeV 𝜶)
1934 Patent; 1939 Nobel Prize

1937  Kurchatov et. al, Leningrad, 1937 

1943   magnet delivered 

1939  Chadwick, Liverpool; Cockroft, Cambridge  
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The steep recovery of Nuclear Physics in the 1950s
1949…1953 J.H.D.Jensen (Nobel Prize 1963),

O. Haxel and H. Kopfermann at the  
Physics Inst. of Heidelberg University   

1954 W. Bothe Nobel Prize (back at MPImF) 
1954  Foundation of CERN 

1955-1958  Gentner Director CERN SC 

1956-1957 Maier-Leibnitz FRM Muenchen
(approval, construction and criticality 
of 1st German reactor within 1 year)

1957  Moessbauer effect (Nobel Prize 1961) 
(experiments done in the MPImF) 

1957  Death of W. Bothe 
1958  Gentner successor to Bothe (MPIK) 

1954-1959  Schmelzer at the CERN PS
(since 1948 in Bothes Institute) 

F.J. Strauss Atom Minister 
1955  Pariser Vertraege
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R. Bock and the MPImF Cyclotron in the 1950s
1953-54 Diploma Thesis 
‘Kernspektroskopie von V48 ’ 

Isotope produced with the cyclotron beam 
Coincidence set-up 

R. Bocks first publication 

1955-58 Doctoral Thesis; mentor W. Bothe

Ein Festfrequenz-Zyklotron mit einem Dee
R.Bock, A.Doehring, J.Jänecke, O.Knecht, L.Koester, 
H.Maier-Leibnitz, Ch.Schmelzer und U.Schmidt-Rohr
Zeitschr. Angew. Phys. 10 (1958) 49-55

Contribution to major changes of the cyclotron

Thesis title ‘Anregungsfunktionen fuer
deuteronen-induzierte Kernreaktionen’

Cyclotron data:
Magnet 80 t, field 1.7 T, 1-Dee-System 13 MHz,
max Energy 11.8 MeV (deuterons); stop 1973
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The MPIK and its Tandem Accelerators in the 1960s

1958   W. Gentner Director of the newly formed MPIK, 
successor Institute to the Physics Institute in the MPImF

1962   New 6MV EN Tandem Accelerator running; 1967 10MV MP  
(1st EN Tandem in Chalk River in 1959, followed by an 
inflation of 8 Tandems until 1961 and 26 until 1968; HD #7)

1959-1967  R. Bock Assistant/Wiss. Mitarbeiter in the MPIK; 
1965 Habilitation; 1967 o. Professor at the University of 
Marburg; until 1974 work at the MPIK    

Group of R. Bock first one to start Heavy Ion Physics at the MPIK  

Hardware responsibilities 

together with G. Hortig et al.: 
set up of the Tandem Lab with 
installation of the accelerator 
and experimental facilities

Brown-Buechner magnetic 
spectrograph (mostly used 
with photo emulsions)
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R. Bock and Heavy Ion Physics at the MPIK I

Talk by R. Bock at Int. Conference on Heavy-Ion Physics, Dubna, Oct. 1966; 1st Russ. visit! 

Si 0.7×8 mm2, 𝛅𝛉=0.3∘

prop. counter for dE/dx, resol. 5%

Si det. for E

1 cm

several h/data-point 

precision nuclear structure studies nucl. collision dynamics; diffraction structure

Starting an impressive set of collaboration arrangements with Russian Institutes 
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R. Bock and Heavy Ion Physics at the MPIK II

Research both on reaction mechanism and nuclear 
structure using heavy ions and light projectiles  

small selection of about 50 publications from 1964 to 1974; many PhD students

THE pioneering work on heavy ions in Germany  

1969 Co-responsible for Int. Conference on ‘Nuclear 
Reactions Induced by Heavy Ions’, Heidelberg  

                         Tandem Physics: Heavy Ion 
                         (MPI Kernphysik, Heidelberg) 
                                     1963-1970 
R.Bock 
N14 - und B11-induzierte Transfer-Reaktionen 
Fachberichte der Physikertagung Düsseldorf 1964, pp.170-171 
 
R.Bock, H.H.Duhm, G.Hortig und R.Rüdel  
Study of the Mechanism of N14-induced Reactions on Be9 at 25 MeV  
Proc. of the Internat. Conf. on Nuclear Physics, Paris 1964, pp.1123-1125 
 
R.Bock, R.Rüdel, H.H.Duhm and M.Große-Schulte 
N14 -induzierte Transfer-Reaktionen in Be9  von 20 bis 30 MeV 
Nucl. Physics 70 (1965) 481 
 
R.Bock, M.Große-Schulte, W.von Oertzen und R.Rüdel  
On the Mechanism of the Reaction B11(O16, N15)C12 at 30 MeV 
Phys. Letters 18 (1965) 45 
 
W.von Oertzen, R.Bock and M.Große-Schulte 
Elastic Scattering of 14N on 9Be at 25 MeV  and 16O on 11B at 30 MeV 
Z. Naturforschung 21a (1966) 946-949 
 
R.Bock, M.Große-Schulte and W.von Oertzen 
Diffraction Model Interpretation of Heavy Ion Induced Transfer Reactions 
Phys. Letters 22 (1966) 456 
 
W.von Oertzen, H.H.Gutbrod, M.Müller, U.Voos and R.Bock 
Heavy Ion Transfer Reactions with Identical Initial and Final States 
Phys. Letters 26B (1968) 291 
 
W.von Oertzen, H.H.Gutbrod, U.C.Voos and R.Bock 
DWBA Analysis of the Proton Transfer 12C(11B,12C)11B at 28 MeV 
Nucl. Physics A133 (1969) 101 
 
U.C.Voos, W.von Oertzen and R.Bock 
Optical Model Analysis of the Elastic Scattering of Complex Nuclei at Low 
Energies  

                   Tandem Physics: Light Projectiles 
                                      1964-1969 
 
R.Bock, H.H.Duhm, R.Rüdel und R.Stock 
The Excitation of the 7/2_ Level at 1.28 MeV in Cr53 by the 
Cr52(d,p)Cr53-Reaction 
Phys. Letters 13 (1964) 151 
 
R.Bock, H.H.Duhm, S.Martin, R.Rüdel und R.Stock 
Die Niveaustruktur von Cr53 und Cr55  
Nucl. Physics 72 (1965) 273 
 
R.Bock, H.H.Duhm, R.Jahr, R.Santo and R.Stock 
A Study of the Low-lying Levels of 53Cr by Inelastic Scattering  
Phys. Letters 19 (1965) 417-419 
 
R.Bock, H.H.Duhm, W.Melzer, F.Pühlhofer and B.Stadler 
An Array of Position Sensitive Surface Barrier Counters for Use in a 
Magnetic Spectrograph 
Nucl. Inst. Meth. 41 (1966) 190-194 
 
M.Betigeri, R.Bock, H.H.Duhm, S.Martin und R.Stock 
Die Reaktionen 30Si(d,p)31Si und 30Si( 3He,d)31P  
Z. Naturforschung 21a (1966) 980-987 
 
R.Bock, H.H.Duhm, R.Stock, P.David and U.Lynen 
DWBA Study of the 54Cr( 3He,a)53Cr 
Proc.of the Int. Nuclear Physics Conference, Gatlinburg 1966, p.50 
 
R.Stock, R.Bock, P.von Brentano, H.H.Duhm, and T.Tamura 
Form Factors of the DWBA Calculations of the  54, 52, 50Cr( 3He,a) 
Reactions Leading to Isobaric Analog States 
Proc.of the Int. Nuclear Physics Conference, Gatlinburg 1966, p.269 
 
P.David, R.Bock, H.H.Duhm, H.Hefele, U.Lynen and R.Stock     
Elastic Scattering of 3He- and a-Particles of 16 and 19,5 MeV from 
several Nuclei  
between 40Ca and 64Zn  

                        Tandem Physics: Heavy Ions 
                         (MPI Kernphysik, Heidelberg) 
                                          1963-1970 
 
R.Bock, H.H.Duhm, G.Hortig und R.Rüdel  
Study of the Mechanism of N14-induced Reactions on Be9 at 25 MeV  
Proc. of the Internat. Conf. on Nuclear Physics, Paris 1964, pp.1123-1125 
 
R.Bock, R.Rüdel, H.H.Duhm and M.Große-Schulte 
N14 -induzierte Transfer-Reaktionen in Be9  von 20 bis 30 MeV 
Nucl. Physics 70 (1965) 481 
 
R.Bock, M.Große-Schulte and W.von Oertzen 
Diffraction Model Interpretation of Heavy Ion Induced Transfer Reactions 
Phys. Letters 22 (1966) 456 
 
W.von Oertzen, H.H.Gutbrod, M.Müller, U.Voos and R.Bock 
Heavy Ion Transfer Reactions with Identical Initial and Final States 
Phys. Letters 26B (1968) 291 
 
H.H.Gutbrod, R.Bock K.Hildenbrand, W.von Oertzen and U.C.Voos 
Transfer Reactions above the Coulomb Barrier 
Proc. of the 1969 La Plagne Conference, p.  II.5.1 
 
 
 

(1960 Bromley et al., Chalk River, elastic scattering) 
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The KAH and the Foundation of GSI 1966-1969
1959    Start of development of the UNILAC by C. Schmelzer et al., Heidelberg

(original team: D. Boehne and the PhDs N. Angert, K. Blasche, B. Franzke) 

1966    Kernphysikalische Arbeitsgemeinschaft Hessen (KAH) 
Members: F. Beck, P. Brix, E. Kankeleit (Darmstadt), 

W. Greiner, E. Schopper (Frankfurt), 
R. Bock and W. Walcher (Marburg)

Goal: define a common research facility for the Hessian Universities  
Final conclusions after 3 years:

1) novel concept of a joint facility, 
independent of the universities, but 
run by members of the universities   

2) research field: heavy ion physics
(not medium-energy hadron physics)    

3) facility: UNILAC Schmelzer (not 
TALIX, not 800 MeV proton machine)

17. December 1969 Foundation of GSI  

GSI Directorate in 1971

1975 first beam, 1976 first U-beam 
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The Users Community behind GSI in 1972

P. Armbruster

C. SCHMELZER

R. Bock

G. Herrmann W. Greiner J. Rafelski
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Heavy-Ion deep-inelastic Scattering at the UNILAC

1st U+U results: strong nucleon transfer, but hardly survival for Z>100 because of fission 

segmented ionization 
chamber for dE/dx 
𝛿Z=1 at Z=92

Si detector for E

implantation of nuclei 
Z>92: search for 𝛼
decays and sf in the 
beam pauses

deep-inelastic scattering: R. Bocks main activity at the UNILAC, mostly with A. Gobbi et al. 
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Relativistic and ultra-relativistic Heavy-Ion Collisions
a revolution for the low-energy community
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Foundation of the GSI-Marburg-Berkeley Collaboration
1974; first experiments at the Bevalac at Ekin/A ≈1 GeV in 1975 

Particle telescopes in 
a scattering chamber;
techniques developed 
by R. Bock’s group 
at the MPIK and GSI 

H.A.Grunder R.Bock

An incredibly far-sighted 
step in 1974, before first 
beams from the UNILAC 
were available 

R.Stock, Marburg H.Gutbrod, GSI
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Streamer Chamber and Plastic Ball at the BEVALAC

a huge jump to two 4𝜋 Detectors (dominated by GSI until termination of the program)
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The dual theoretical Background in 1974/75

quarks deconfined

quarks confined 

Stability and variability of the vacuum
Lee/Wick: dense abnormal states of nuclear matter at high 𝜌

‘foreshadowing chiral symmetry restoration, but with nucleonic degrees of freedom’
(G. Baym 2015)

first re-interpretation of Hagedorns exponential spectrum and limiting temperature in 
terms of a ’critical’ temperature separating hadrons and deconfined quarks

(see also Collins and Perry on high 𝜌, PRL 34, 1975, 1353)
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10-5 seconds

QCD phase transition

16



VENUS Prop. LBL
SIS100 Prop. GSI
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The Roots 1974-1984: Nuclear and Particle Physics 
Workshops/Conf. Accelerators Physics Persons/Actions

1974

1975
-1978

1979

1980

1981

1982

1983

1984 Approval of 1st Gen.      
Experiments at SPS

Columbia
(GeV/u Coll. of HI)

BEVALAC 1974   Compressed Nucl. Matter Contract GSI/LBL
Bock - Grunder
(Stock/Gutbrod)

LBL and GSI
(alternating)

ISR Discuss. on HI
(Pugh/Santa Fé)

Dileptons in pp
BMFT Committee, DE         

(1979-1980) 

pre QM Bielefeld TH

LBL, BNL 

QM2 Bielefeld
(M.Jacob/H.Satz)

QM3 BNL

QM4 Helsinki

ISR last run Dileptons in pp
R807/808, ISR

SPS Disc. LvH/BW/HS

CERN DG H. Schopper

PS Prop. GSI/LBL
16O ECR  ion source 

Contract CERN/GSI/LBL
SPS NA34 Prop. Willis et al.

CERN DG L. van Hove 
(1977) 

SIS12/100 Prop. GSI

First ideas on QGP  

pre QM LBL

αα collisions ISR

ISR to be stopped
(CERN Council) 

Cabibbo/Parisi 1975

PS LoI GSI/LBL

SPS, AGS, SIS18 
settled 

QM1 GSI

Lee/Wick 1974

Fermilab 1977
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The 1970’s: high-energy pp experiments

18

Lepton pair data in the IMR
Branson et al., PRL 1977

FNAL data

Problematic data, but milestone in theoretical interpretation 

Most striking example

1st use of the name 
‘Quark-Gluon Plasma’
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SIS100 (1979) and SIS12/100 (1981) at GSI

Far-reaching prophetic Proposals, but …. 
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‘First Quark Matter Conference’ (1980)

First organized discussions between particle and 
nuclear physicists on studying QGP formation in 
ultra-relativistic nucleus-nucleus collisions. Particle 
physicists ~30%, including W.J.Willis. Discussions 
dominated by the ‘dream of keeping the ISR’

Milestone 

Immediate consequences 

Organizers: R. Bock and R. Stock  

- Letter-of-Intent for 2 experiments at 
the CERN-PS by GSI/LBL (27 Oct. 1980)   

- A long discussion between CERN DG  L. van 
Hove, W.Willis and HJS on the use of the SPS
instead of the ISR for heavy ions (Nov. 1980)
√s for Z/A=1/2 20 vs. 32 AGeV; luminosity gain!

Ad-hoc Committee Nuclear Physics of the 
German BMFT (June 1979 - May 1980)
Recommendation 16 (on SIS100): ’it is proposed 
to reinvestigate, whether or not the field of ultra-
relativistic heavy ions could not be opened at an 
accelerator at CERN in a collaboration CERN/GSI’

(summary speaker HJS)
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II Quark Matter Conference (1982)
Organizing Committee: T. Ericson, M. Jacob, H. Satz, W. Willis  

First systematic discussion between particle 
and nuclear physicists, on the theoretical 
and experimental aspects of QGP formation 
in ultra-relativistic nucleus-nucleus collisions. 
Particle physicists >50%

Discussion of basic physics ideas on all 
hadronic and electromagnetic observables 
(only J/y missing, Satz/Matsui 1986)

Basic instrumental discussions on the first-
generation experiments at the CERN SPS, 
organized in 6 working groups; summary 
by M. Albrow. Further summaries: Bevalac
physics (S. Nagamia), Accelerator prospects 
(H. Pugh) and Theory (L. van Hove)

Milestones  
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Also presented at QM82 Bielefeld: PS Proposal R. Stock et al. 

Milestone: offer of an Oxygen   
injector for LINAC1 

PS EAST HALL

Approved in 1983 as PS190 for the PS; later re-approved as NA35 and WA80 for the SPS 



Hans J. Specht, GSI, 2017 23

Convergence at CERN 1983: Contract CERN-GSI-LBL 

New elements: ECR Ion Source (R. Geller, Grenoble), pre-tested at GSI  
RFQ: LBL Berkeley; beam transport: GSI   

first 16O beams 11/1986    
first 32S beams 09/1987    

Construction of an 16O/32S injector for LINAC1 

ECR source 16O6+ 5.6 keV/u
RFQ 140 keV/u

Booster+PS 7.0 GeV/u
SPS 60-225 GeV/u

LINAC1, Stripper 12.5 MeV/u

Steps for full acceleration incl. SPS Intensity    ~108 ions/SPS pulse
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Convergence at GSI: SIS18 + ESR 
Leon van Hove’s verdict:
‘Sunshine at GSI if cooling works, 
if not total darkness’ (1984) 

de facto: fragment separator
4𝜋 detector (R.Bock), KAOS, 
ALADIN (U.Lynen), HADES…
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First-generation Experiments (‘Recuperation Era’)

NA34-2

NA35

NA36

NA38

WA80

WA85/94

4π calorim.,Si, hadron spectrom., dimuons, γ’s 11/1984

streamer chamber, mid-rapidity calorim.,… 11/1984

TPC, calorim., strange mesons, hyperons 11/1984

dimuon spectrom.,    thermal radiation, charmonia 09/1985

plastic ball, EM calorimeters, multiplicity detect.  09/1985

(U-scint.cal. + NaI R807/808, NA3 spectrom.,…)

(NA5 str.ch.+cal., magn. WA78,  NA24 γ PPD,…)

(EHS+new TPC,…)

(NA10+active target + EM cal.,…)

(plastic ball GSI/LBL, Pb-glass,…)

Ω’ spectrometer,     strange mesons, hyperons 04/1987
(Ω’ spectrometer + RICH)

approvedexperiment/
spokesperson

H.J.Specht

R.Stock

C.R.Gruhn

L.Kluberg

H.Gutbrod

E.Quercigh

two experiments with GSI leadership (R.Bock) 
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CERN Press Release   
30.10.1987

First results from a 
32S beam (one year 
after the start with 
the 16O beam)  

NA34-2

Central collisions

> εcrit = 1 GeV/fm3

S-Au   ε = 2.6 (1987) 
Pb-Pb ε = 3.2 (1995) 
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CERN Heavy-Ion Facility ‘LINAC 3’ for Pb Beams
H.Haseroth et al., Concept, CERN 90-01

Realization by international collaboration 
CERN, GANIL, GSI, INFN LEGNARO, 
INFN TORINO, IAP Frankfurt 
(assistance by Czech Republic, India, 
Sweden and Switzerland)

First Pb beams in 1994 
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CERN SPS Heavy-Ion Program incl. the Pb-Beam Era

H. Gutbrod R. Stock/M.Gazdzicki
The seed of NA49 is beating all records in the SPS heavy-ion program…
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Experimental Setups 

NA49,

WA98,

hadrons with large 
acceptance 

photons (hadron decays 
and direct) 
R.Santo et al., Muenster 

 21.5 m

33 TeV  Pb

Multistep Avalanche Chambers
with CCD-readout (tracking of

charged particles)

Forward-
Calorimeter

     Calorimeter
(transverse energy)

WA98 Experimental Setup
158 A GeV Pb+Pb Collisions

at the CERN  SPS
(1996)

Plastic-Ball
(π , p, ... He in
target region)

Goliath Magnet

highly segmented Lead-Glass Calorimeter
(identification of  photons,      and     -mesons)π0 η

highly segmented Photon-
Multiplicity-Detector

Time of Flight (#1)
(PID of negative hadrons)

Silicon-Pad and
Silicon-Drift Detectors
(pseudorapidity-dist. of

charged particles)

Charged Particle
Veto-Detector

Target
(inside Plastic-Ball)

+

Start
Counter

Time of Flight (#2)
(PID of positive hadrons)

Pad Chambers

Streamer Tubes

‘universal’ hadron coverage 
with large acceptance

vertex TPC built by GSI, 
main TPC MPI Muenchen,
TOF F.Puehlhofer et al., Marburg

1st spokesperson R.Stock

1st spokesperson H.Gutbrod
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Hadron Yields – Statistical Hadronization

- populate hadron species according to phase space probabilities -
Since pp: Statistical Bootstrap Model (SBM), R.Hagedorn, Nuovo Cim.S. 1965 

for AA: 
grand canonical 
ensemble

free parameters from fits to the data: T, μB (V, μS, μI3 from conservation laws)  

perfect agreement between yield data and model description 

Multiplicity (therm. model)

M
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SpS  Pb+Pb collisions

T=176.1±8.6 MeV
µB/T=1.35±0.08
γs=0.774±0.076
χ2=17.7/5 dof
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P.Braun-Munzinger, J.Stachel et al.F.Becattini, J.Cleymans, K.Redlich et al.
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Radial flow  – ‘Hubble-like’ expansion of the fireball
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WA97,  mT = (pT
2 + M2)1/2

all mT spectra exponential  

1/mT dN/mT ~ exp(-mT/Teff)
fit with  

Teff – ‘effective temperature’ 

roughly    Teff ~ Tf + M <βT>2

à two components in pT/mT spectra: 
thermal and radial collective expansion   

precise procedure: ‘Blast wave’ analysis

linear rise of Teff with M     

Almost explosive expansion à strong pressure at the earlier collision stages

Tf temperature at thermal freeze-out: 100-120 MeV 
vT flow velocity at thermal freeze-out: ~ 0.5c

Eur.Phys.J C 14 (2000) 633
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NA49 Results at lower SPS Beam Energies

systematic energy scan for 158, 80, 40, 30, 20 AGeV

increased stopping at lower energies the only structure in the beam energy 
dependence of any heavy ion results

Onset of deconfinement?  M. Gazdzicki
(ongoing program of NA61)  

Phys. Rev. C77 (2008) 024903 for AGS and NA49
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WA98: Excess of real photons
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PRL 85 (2000) 3595; nucl-ex/0006007 (PRC) 

First and only excess of 
real photons  seen at SPS
(only upper limits by NA34-
2 and CERES/NA45)

interpretation of excess as 
direct (thermal) photons
on top of hard processes

quantitative description 
by theory ambiguous 
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Preparatory Workshop Chamonix 1998

Press Conference – ‘New State of Matter created at CERN’

‘White Paper’- U. Heinz and M. Jacob
(arXiv:nucl-th/0002042v1 16 Feb 2000)

Press Conference CERN 10 Feb 2000

Talks by all experiments
Paper PR01 U. Heinz and M. Jacob
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Member of the RHIC Policy Committee 1991-1995  

R. Bock and RHIC at BNL
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GSI Management Structure during 1992-1999

Directorate structure:
(now incl. outsiders, ignoring 
the rigid GF/GmbH structure) Research               V. Metag (Giessen)

Accelerators          N. Angert
Infrastructure   W. von Rüden (CERN)
Administration  H. Zeitträger

Chairman              H.J.Specht

The 4 Scientific Directors since 1969: 
Schmelzer, zu Putlitz, Kienle, Specht (1993)

Original Directorate in 1970/71: 
Armbruster, Brix (till 1971), Schuff, Herrmann, 
Bock, Böhne, Schmelzer (90th birthday, 1998) 

Participation of the ‘Leitende Wissenschaftler’ in the routine meetings 
(P.Armbruster, R.Bock, J.Kluge)

Scientific secretary: D. Gross 

Hans J. Specht, GSI, 2017
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Congratulations and all the best towards 100…
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BKP
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CERN Heavy-Ion Facility ‘LINAC 3’ for Pb Beams

ECR source Pb27+ 2.5 keV/u
RFQ 250 keV/u

Stripper Pb27+ à Pb53+

Booster+PS 4.25 GeV/u
Stripper Pb54+ à Pb82+

SPS 20-158 GeV/u

LINAC 3 4.2 MeV/u

Steps for full acceleration incl. SPS

Intensity             ~108 Pb-ions/SPS pulse

masterpiece of modern technology 
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What next at the SPS?
Beam Energy Scan from 20 - 160 AGeV

√s = 6 - 17   AGeV

onset of transitions 

Precision studies of deconfinement and chiral phase transitions  

order of transitions
structure in scan

critical point direct proof for chiral mixing (𝜌-a1)
extended tFB

Already running:  NA61 (energy + atomic number scans) 
Under discussion: successor to NA60 (highest luminosities)
Others?


