Heavy Ion Collisions in a historical Perspective
1960 - 1985

Rudolf Bock
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The Cradle of Heavy Ion Physics in Germany:
MPI fiir Kernnhvsik in Heidelbhero
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My PhD Students at the MPI in the 60's

Research of my group at MPI-Heidelberg in two Areas:

1. Nuclear Spectroscopy by Nuclear Reactions (with p, d, *He)

Working horse: Browne-Buechner Spectrograph

2. Nuclear Reactions with Heavy Ions (B, 'C, 0, *F, ...)
Working horse: AE/E-telescope

Some of my early Heidelberg PhD Students

1962 - 67 1968 - 73
Light Ions
Hans H. Duhm (1965) Peter David
Reinhard Stock (1966) Siegfried Martin (1973)
Falk Piihlhofer (1967) Klaus Hildenbrand (1973)
Uli Lynen (1967) 5. Betigeri
Heavy Ions
Reinhardt Riidel  (1965) Hans Gutbrod (1970)
Wolfr. v. Oertzen (1967) Ursula Voos  (1970)
M. GroBe-Schulte (1967) Konrad Gelbke (1972)
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Nuclear Spectroscopy: Detector and Results
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Exchange effects in H.I.transfer reactions: B on O
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Vier Nukleonen=Transfer

An Kernen der p- und sd-Schale

INAUGURAL =~ DISSERTATION

zZur
Erlangung der Doktorwirde
der
Naturwissenschaftlichen Gesamtfakultdt
der
Ruprecht - Karl - Universitit

Heidelberg

vorgelegt von
Diplom-Physiker Hans Herbert Gutbrod

Stuttgart
1970

Referéent : Prof.Dr.Rudolf Bock
Korreferent : Prof.Dr.Wolfgang Gentner
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International Heavy lon Conference, MPl Heidelberg 1969
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Initiative for a Center of Heavy Ion Research by the KAH in Hessen
(1966 — 1969)
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Darmstiadter Tageblatt vom 11.August 1969

Schwerionenheschieuniger kostet 75 Millionen DM

Land hat Gelinde erworben / GroBprojekt flr die Forschung / Vorausselzung flir Arbeltsaufnahme

flal PRz Yorberabusgsarhslies Mre dbo
Errichiumg elnes  Schwerionenbesohlenni-
pers durdh den Bund und dus Land will
Hemsen Jotzi inbemsiviersn, nochidess der
R sioli sndgliblg Mir cimon Gésndors bol
Devrmustadt endschieden hat

Wie das |lwaslache Finanzministerium
am Freifag in Wimbaden mitteilts, hat
iy Tefinidl Lilr cincn Rouwlprole voo 1,0 Mil-
llonen Mark ein berelty bebawiss Indu-
gtrisgellinde in  unmittelbarer Nbhe der
lclimftigers  Forsshumgaanlagen  erearbes

wid damld dle Varoisectoang Hic dio wor=
ldufige Arbelimuafnahme geashaffon,

ML diesem Ankeaud sed w8 gelungen, die
Bﬂ'rurtllﬁn Errich von  Neubaaben o
vermelden und dadurch Einsparungen zu
erxielen. Fr worbereitonds Arbslien aslan
zusdizlich ma den Kosten des Grund-
eraerhs wellers 100 000 Mark beretinesialli
worden.

Hessen bat pach Ansichi ebnes Sprechers
des Ministeriums mdt diesen Mafinahmen

din crelen Gchritte Tor  Wersichibeog
e GroBprojekies der Forsshung unber-
nomenen, dey In Baroph elnddgarilg sein
wird. Inden oeuen Anlogen sollen Sehwer-
lonemmirahden sereugl werden, die Cir die
Weitersmtwicklung der Kornphysik umd
Kernchemis  sowie  der  Fresthieperfor-
achung, Strablesbiclogie wnd  Bedicin
subarordantiloy  widitly shel. Die visn
Bund und vom Land astrasbringenden B
koslen, werden rund 76 Milllcoen Mark
betragen, feilta das Flaansmindserum mik.

e i

-Siehste, Bubche, 50 hoth naus macht o8 Auditorium Maxirum von de
Meehehiul. DA Rome ter die Btudente ganz viel Hirsil enel” — For |
was brauche dann die so viel Klasserimmer, Oba, wo se doch alsfort |
demanstriern und streika?!™ |

_
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Goals of GSI Research

Investigation of nuclei at the borderline of their existence
with respect to

mass, proton/neutron ratio, excit.energy, angular momentum
[Super-heavy elements, nuclei far from stability, multiple Coulomb excitation]
Reaction mechanisms

Atomic physics of heavy systems, 1 electron systems

Medical and technological applications
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Working Groups from Universities startet 1970
1. Arbeitstreffen at the GSI Barracks 1971
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Bau-Besprechung 1971: Wiss. Direktorium mit Architekten
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UNILAC and Injection Area 1974
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GSI Experimental Area 1977

929)
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Relativistic Heavy Ions
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1974:Heavy lon Acceleration up to relativistic energies
was achieved by a transfer line between the SuperHILAC and the Bevatron:
The BEVALAC was created in Berkeley (Hermann Grunder)

GSl decided for a participation in such experiments at Berkeley
[that was already a year before the UNILAC had its first beam!]
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Reactions with Relativistic Heavy lons (1974)

The official justification of the management of GSI for experiments in

Berkeley was the future of GSI, the extensions of our own accelerator
facilities. The Berkeley activities were considered as kind of a ‘pilot study’
for getting experience in this new energy range.

For us, the experimenters, it was the road into a New Territory, a new
scientific adventure in an exciting new field of research: the physics of
nuclear matter at high density and temperature.

At that time, there were already preliminary experiments on nuclear
shock waves (Schopper), at the Penn-Princeton accelerator and already
many theoretical activities about the nuclear EoS (Bodmer, Chapline; in
our community: Greiner, Muller, Stocker, Scheid et al.)

Reinhard Stock had first contacts to this community at his stay in
Philadelphia. He reported about these new possibilities enthusiasticly.
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KFirst Proposal 1or Experiments at the
BEVALAC in Berkeley

FHOFOSAL F LHIMENT

G

¥ f:i-f'l.'l:' coplee required — & separdte g2t for each experiment.

DS o+ March 7. 1975

Institution LEL - Marburg - GSI Fiperimenters (complete st}

Porsom in Uhadge of Hpdhesman Por Oroups | Poskanzer [LHL) SToCk (Marburg)
Sextro  [LBL) Sandoval {Marburg)
Poskanzer - 5tock - Gutbrod febelman {LBL} Guthrod  {GEL]
..... e ELE e e e

Mitle of Expariment:
Study of Large Momentum Tramsfer in Target Fragmentation

e e ] e~ N

r of Expariment (for cireulation]:

We proposye Lo omdasure energy specbra amd angular disteibulions of
high emergy, non-evaporative nuclear target fragments with 2 = 1 = 18
resulting from bombardment of Al, Ag and U targels with Y60 peams at 0.4,
1.0, and 2.1 GeV¥ per nucleon. The experiments Tocus on fragments in the
energy range from 10 to about 100 HeV per nucleon that come fros inter-
agctions in which a high tota) esergy and high transverse momentum is
deposited im the target. The detector will be a telescope of large area
s1licon amd high purity germanium detectors which will ddentify the nuciear
cherge of the fragments by dE/dx - E techniques. The events will be tagged
by & second detector system which will record the multiplicity of coingi-
dent cascade pions and protons that may be considered as a sicnature of
non-peripheral, smail impact paraseter collisions. The spectra and
anguiar distributions of nuclear fragments should provide information
about the fast tl.c.ﬁy proceizex of the edcited target nucleus and, in
particular, look for emissian phenomens that could elucidate the
mechanism of large momentum and 2nergy transter, such as Ltioe LIII.'HL".L'-J
formation of nuclear shock waves.
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The LBL-Marburg-GSI-Collaboration

Objectives
Nuclear EoS
Phase transitions
Quark matter

Experimental facilities

1) Streamer chamber (Stock et al.)

2) Plastic Ball (Gutbrod et al.)

(both 4m-detctors, visual and electronic)

Basic questions

Stopping power of nuclear matter
|ldentification of central collisions
Can equilibrium be achieved?
What are the observables?
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Nuclear Equation of State
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Hans Gutbrod, Arthur Poskanzer et al. assembling the Plastic Ball
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Dr. W. Schott (BMFT) and Reinhard Stock (at a GSI Workshop)
Bill Myers, Miklos Gyulassy and Horst Stocker
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January 1977: First Proposal for an
Extension to Relativistic Heavy lons at GSI (SIS-18)

T G8I-P-2-77
Januar 1977

[IBERLEGUNGEN
ZUR PHYSIX DER KERMMATERIE
UNTER EXTREMEN BEDINGUNGEN
UND
ZU EINEM BESCHLEUNIGER
FUR RELATIVISTISCHE SCHWERE TONEN

G5 - BERICHT P-2-77
GESELLSCHAFT FUR SCHWERIONENFORSCHUNG MBH, DARMSTADT

An dieser Studie wirkten mit:
~ K. Blasche, R. Bock, B. Franzke, W. Greiner,
H.H. Gutbrod, B. Povh, Ch. Schimelzer und R. Stock
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Change of paradigms:
New accelerator proposal: SIS 100 (10 GeV/A)

<15 100 N
! CJ @ﬁ “V’r /l.). P

EINE BESCHLEUNIGERANLAGE
FUR
SCHWERE IONEN HOHER ENERGIE

GESELLSCHAFT FUR SCHWERIONENFORSCHUNG MEH DARMSTADT
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1979: GSI and SIS-100

Vor ia ¢

Pfk{!i hvat g
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1981: SIS-12 + SIS-100

Abb, Z.1: Anordoung der geplanten Beschleunigeranlage.
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1980-84 Discussion about various accelerator concepts

SIS 10 SIS 18 SIS L0 SIS 100 SL SIS 100

KosTten/MDM . 31

BESCHLEUNIGER 22

BESCHL, -GEBEUDE 4

Techn, InsT, BEscHL, 5

Bavzert/J 5-4
- PERSONALBEDARF

Wt
SN

35

25

67
T

11

10

Ls

84

50
12
12
1.5

45

110

oy

22
18
5-6 J

B

TAB, U: VORLAUFIGE GROBE ZUSAMMENSTELLUNG VON KOSTEN. ZEIT- UND |

" PERSONALBEDARF FUR DIE UNTERSUCHTEN SYNCHROTRONS
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A I /
S %I[JE | W Ln'D 1;’1{:1& J'I:’j
f "
-1- 14 7. 3"_?;
SI818 51530 51540
Durchmesser (m) 62 100 130
Energte (Gev/u)
Ne'0* 1.9 3.6 5.1
u’?* 0.95 1.9 2.8
Kosten (MDM)
Maschina * Gebiude a8 78 a5
EH * Strahltransport 34 38 42
92 116 137
A= 45
515 S45L 518 805L 515 10050
Energie (GeW/u)
Ne'0* 7.2 1 14
Th 5.4 8.3 10.5
Hosten
Maschine 45 62.5 73
Gebiude
techn. Ingt, 5 7.5 10
50 0 85
Kasten der v
Doppelringanlage 142 186 78
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The German Physics Community was invited to GSI
for a discussion of the SIS project (zu Putlitz, 1979)

Diskussion Uber ein Projekt zur Beschleunigung schwerer lonen auf

relativistische Energien®

G51 Darmstadt 2. Februar 1979, 10.00 - 16.00 Uhr

Zusammenfassung der Diskussion

Herr zu Putlitz weist sinleitend darauf hin, daf die GSI Oberlegungen
zu einem Ringbeschleuniger mit 240 m Durchmesser amstellt, um schwere
Lanen bis auf ca. 10 GeY pro Mukleon zu beschleunigen, Bei Verwirkli-
chung dieses Projekts kann die GSI viillig neuartige Farschungsmiglich-
keiten zur Verfigung stellen. Diese miiften dann won deutschen Universi-
titen geniitzt werden, wie das bereits bisher flr Unilac der Fall ist.
Die heutige Diskussion sollte daher auch Grundlage fiir die Eckwerte !
eines solchen Konzepts ergeben. Ein detailliertes Konzept des Be- ‘
chleunigers 5011 dann aufgrund der heutigen Diskussion erarbeitet
werden, Iu Vorschllgen und Kritik wurden insbesondere die Tellnehmer
von auswdrts aufgefordert.
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Discussion meeting at GSI (July 1979)

Supporters and Opponents
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Heavy Ions at CERN

The community could not agree on the higher energy.
Recommendations were for SIS-18 and for the higher energies
to convince CERN for relativistic heavy ions.

G.zu Putlitz ask me to take over the negotiation for GSI and
LBL with CERN. In the beginning, CERN was very reluctant, but
finally a solution could be found. The contract between LBL,
GSI and CERN was signed in July 1984.

Unfortunately zu Putlitz' term as GF ended in Dezember 1984.

ALICE-Seminar 2013
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HEAVY NUCLEAR BEAMS AT CERN

R. STOCK , FACHBEREICH PHYSIK , UNIV. FRANKFURT
R. BOCK , GSI OARMSTADT. '

(g AGEHz
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Agreement CERN/LBL/GSI, signed July/August 1983

Lo I qaee £ CJf 25
] povtes TP \zyf.,,-l,]__/

- r !
el .ft_.&,],;,);u,f (CERN)

AGREBMENT
BETWEEN EURCPEAN ORGANTZATION FOR NUCLEAR RESEARCH [CERN)
AND GESELLSCHAFT FOR SCHWERIONEMFORSCHUNG MBH (GS1) :
LAWRENCE BERKELEY LABORATORY (LBL) g,mt*..r,l_{_;’“q,\pi;&.\

Iy ).
. 5

INTRODUCT .'"T..i Sl I L,‘-u'l'-.u-.-a C
L
) . | (ER [ YR ;/f' vl
Considering that: f LOR Sl ppL

A collaboration between GSI and LEL (hereafter referred to
as "the Collaberation") has propesed toe CERN an experimental
programme based on acceleration of J'GO ions at PS5 energies.

The Collaboration has agreed to procure, construct and

install an ion source apd pre-injector,

The CERN Research Board, taking into account the scientific
interest and the peneral constraints on resources and iche-
dule of the CERMN accelerator complex, has accepted Lhe
proposal suhject to a written agreement ﬁm sharing of ra-
sponsibilities between CERH and the Collaboration.

ORGANTSATION OF THE COLLARORATION
3. Fach party nominates a persoen responsible for carrying
out the programme as defined in paragraphs 1 and 2

above. These are:

For the Collaboration: LBL: H. Grunder

R. Gough

GSI: R. Bock
N. Angert -- Accelerator part
For CERN : H. Haseroth -- P53 [Division part
M. Reinhayrz -- SP5 and West

Area part
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The end of the story

It was the merit of G. zu Putlitz that he had successfully pushed the
‘Heavy lons at CERN'. At GSI he had achieved the upgrade of UNILAC
to higher energy, which was important for the injection into SIS.

When Paul Kienle came as successor of zu Putlitz in January 1985,

he wanted to change or at least reduce the CERN activities - in vain.
The contract was already settled.

In his suitcase he had another problem: SUSE, which was supposed to
replace SIS. The discussion 'SUSE contra SIS® was, fortunately, only a
short intermezzo.

We, at GSI, had already a better solution: The combination of SIS
with a storage ring. In fact, two rings were already conceived:

SITAR (designed by Ingo Hofmann for Inertial fusion research) and

ESR (Franzke et al.). A storage ring combined with SIS-12 had a lot of

sex appeal and was finally accepted by the community and by the
various GSI| boards.
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ECR-Heavy lon Source developed by Gellert (Grenoble)
payed by GSI (3 MDM)
tested and adapted at GSI for the CERN injector (1984).
All participants seem to be satisfied and happy
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Hard Worklng physmlsts at CERN
157
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The Plastic Ball crew
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Thanks for your attention

Wo damals die Grenzen der Wissenschaft waren,
das ist jetzt die Mitte

Georg Christoph Lichtenberg
Sudelbiicher, Heft H (1754-88)
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After 10 years in Berkeley: End of the '"Fremdenlegion"
Negotiations with CERN since 1980 for Heavy Ions in the PS

GSI-_LBL Collaboration
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July 1974: First discussion with Arthur Poskanzer
about first experiments and collaboration

A HISTORY OF CENTRAL COLLISIONS

THE BEVALAC

Arthur M. Poskanzer

Lawrence Berksley Laboratory
Berkeley, CA 94720

THE GSI=-LBL COLLARORATION

In July 1974 Reinhard and Rudelf Bock came to wisit me to talk
about starting a collabpration. We spent thres hours in my office calcu-

lating what would be the best experiment to de with the upcoming heavier
ion beams. Because of the expested low beam intensitlies, time of flight

tachnigues with small solid angle were ruled out and we decided anm a rfarge
area dB/dx-E telescope made of an array of silicon and germanium detec-
tors. The plan was to continue the study of the fragmentation preducts
with the heavier beams. We decided to go ahead with this GSI-LBL collabo-
ration and in the fall of 1874 Hans Gutbrod and Badres Sandoval arrived.

In 1974 the transfer line was completed connecting the SuperHILAC to
the Bavatron, creatinyg Lhe Bevalac which geuld produce 2 GaV/nuclegn heavy
ions, an energy more than 100 times higher than previcusly available.
Initially the heaviest beam was oxygen, but the mass ingreased later to
neon. In this new ensrgy regime it was hard to imagine what to expect.
Because this fisld of relativistic heavy lon physics was completely new to
all of us, group meekings were wery exciting, a3 everybody contributed on
an equal basis, Mobody had any experience and the ysung people, as you
will see, participated equally with the more senior peopls.

SHOCK WAVES?

While the large area silicon-germanium telescope vas being planned
and built, Prof, Schopper repocted his shock wave peaks in AgCl track de-
tectors irradiated by 0.9 GeV/nuclecon oxygen ions.? In his angular dis-
tributions he observed a broad peak with small narrower peaks superim
poaed, We decided to proceed gquickly to werify this. We toock a 5 om
thick piece of plastic scintillater, slapped it on a phototuba, put a 1 mm
thick Li drift silicon detector in front of it, and placed it in my exlat-
ing scattering chamber {ses Fig. 2). This silicon-plastic telescope was
designed td logk for 34e ana Yy fragments. We psed & 1 GeV/nucleon oxy-—
gen beam to irradiate a silver target in order to approkimate the condi =
tions of the silver chloride track detectors. Our results? in 1975 when
plotted (see Fig. 3 top) as d0/df showed a nice broad p at about 60 de-
grees in the laboratory, similar to the data of Prof. Sthopper. However,
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INSTITUT FUR KERNPHYSIK
DER JOHAMM WOLFGAMG GOETHE-UNIVERSITAT FRAMKFURT AM MAIM

D.6000 FRAHKFURT (M| #0

Praf. Dr. H. Schopper AUGUST-EULER.STRASSE &
-] = S P TELEFON (04%) 793.4240

RAEs DR Rlagiach OBER (D47} 7%2. 8238
C.E.R.H.

1211 GENEVA 23

Sepkember 1lskt, 1986

Dear Professor Schopper and Professor Klaplseh,

Enclosed please find a drafl paper with thoughts on & possible Future
extension of the heavy ien S5PS program to the acceleration of all nuclei
up to lead. It briefly discusses the physics arguments in fawvour of heawy
nuclear projectiles as part of & long-term CERN nuclear beam program. Tt
also outlines the required accelerator construction, chiefly a new ECR
source, an RFQ and a Linac at the site of the old Linaec 1.

A preliminary version of the paper has been widely discuzsed among
accelerator groups at CERN, GSI and Grencble. The conclusion is that the
proposed scheme should be close enough to any final solution in order ko
serve as a krigger and puideline for am initial diseussion., A first
prasentation within the CERM "heavy ion community”, convened on 1 fuguskt 1986
by M. MeGubbin and 6. London at the initiative of the SPSC, has received
enthusiastic support of such plane by all experimental groups. It was
decided to further discuss Ffuture experiments and te werk out a more
detailed accelerator design. This is expected to lead to a more formal
propesal  early next year, to be submitted by a wider and more
international group. The experiences made in the first heavy ion runs
will, of eourse, also guide the Further approach. However, we consider 1k
juskified already now te peint sut to CERN tho posslbilitica boe Furthes
develop this attractive fleld of basic research.

The purpose of this letbter is to bring these Lthoughts ko your
aktenkion at Lthe oceasion of the Flrst internal CERH diseussion, taking
place on September 2 in the joint SPSC/PSCC meeking. We would wvery much
appreciate if you eould oupport this  idea, inkroduce it inko  the
digseussion and decision-making process, and, if possible, give an early
indication of CERN's basic backing and support For an extended nuclear
boam program.

Yours sincerely,

R. Bock (GEI)

W. Geist (LBL)

H.H. Gutbrod (GSI)

L. KFluberg (Ec.Poly.Palaiszeau)
F. Piihlhofer (U, Marburg)

R. santo (U. Minster)

N. Schmitz (MFI Hiinchen)

H.J. 8pecht (U. Heidelberg)
R. Stock (U. Frankfurtk)

c.c Prof. L. Foi,
Prof. 6. Brianti,
Dr. H. McCubbin,
Dr. ¢, W. London
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1975: Erster Antrag an das BMFT fiir Bevalac-Experimente
(Reinhard Stock/W.Walcher, Universitit Marburg)

Antragsteller:

Arbeitsgruppe FKernphysik

Fachbereich Physik , Philipps-Universitit
T Marburg ' '

Strafe/Postlach: PLZ Ort:

Renthof § 3550 Marburg

Projeltleiter: Telefon?
Prof. Dr. R. Stock 06421 - 282017
Prof. Dr. W. Walcher 06421 - 282016

Thema:

Untersuchung von Schwerionenyeaktionhon bei relativistischen

Energien
Investitionsmittel (TDM) Personalmittel (BAT-Gruppen}
1977 @E.ooo D‘DE) : 1%BAT T, 1xBAT Ik, 1/2xBAT ITa
S L .-ma:-__u:qg...-..,—___...-______.........__.u...__..--_--..-.._.'_ ____________ e
1978 noch offen ) "
.................... D e
w79 | 1xBAT I, 1xPAT Thb

Kurzfassung der Aufgabenstellung

hm Bevalac-Beschleuniger des LBL,Berkeley, soll der Reaktlons-
mechanismus beil Stéfen schwerer Ionen im Energleberelch von ©,2
Iis 2.1 GeV pro Hukleon unt.nrsuch{:_werﬂ.eu. Dabei interessiert
vor allem eine detailllerte nnalyse der in "Star-Explosionen” bei
zentvalen Stifen produzierten Multiplizitdlt von Fragmenten des
Compoundsystems. Hierbei handell es sich sowohl um-schnelle
Pionen und Protonen als um komplexe liezrnfragméntc mik 44RA4£20 und
208E/Hukl.£ 250 MeV. Die hohe Multiplizit#t solcher Fragmente deu-—
tet ainen neuvartigen, kollektiven Mechanismus der Wechselwirkung
an, hei den sehr hohe Delrige von pr:i.ln-".i'rc!r Energic und Tmpuls in
CRowpression und Neizung von Kermmaterie ibergehen. Solche Hern-
materie weitab vom Gleichgowicht soll auf ilre Bustandsgleichung,

Phageniibergiinge und Yerfallseigenschaflen untersucht wexden.
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