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• In this presentation I would like to draw your attention to 
the big progress in detector development along the stages 
of Peter’s career (called “periods”here) in particle and high 
energy heavy ion physics. My guideline is his CV.

• I will focus on tracking detectors, i.e. detectors that 
measure the trajectories of charged particles in space 
continuously (not discussed: calorimeters for example 
Herbert’s talk).

– Bubble chambers
– Streamer chambers
– Time projection chambers (TPCs)
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What are we doing?
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Protons
Pb-ions

Protons
Pb-ions

Bang nuclei together

*From Salvador Dalí: Clocks

*



And look what comes out

Rainer Renfordt                         HALF A CENTURY OF HIGH-ENERGY PHYSICS, Kielce, October 10th, 2019 4



Analogy for a continuous tracking
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Period 1

Photoproduction of Mesons in a Hydrogen Bubble 
Chamber at Energies up to 5.5 GEV
U. Brall, G. Reimann (Aachen, Tech. Hochsch.), K. Lanius, A. Meyer, A. 
Pose (DESY, Zeuthen), J. Moebes, W. Tejessy (Bonn U.), D. Cords, G. 
Knies, E. Lohrmann, H. Meyer, G. Wolf, G. Harigel, G. Horlitz, G. Kessler, 
G. Linser, M.W. Teucher (DESY), D. Lueke, D. Pollmann, E. Raubold, H. 
Spitzer, P. Soeding (Hamburg U.), H. Beisel, E. Burkhardt, H. Filthuth, H. 
Kolar, P. Steffen (Heidelberg U.), P. Freund, P. Seyboth, J. Seyerline
(Munich, Max Planck Inst.), R. Florent (Saclay), R.I. Louttit
(Brookhaven)  Hide

Jun 1965 - 22 pages

DESY-65-5
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1964 - 1968: work on PhD at the Max-Planck-Institut für Physik on photo-

production in the DESY hydrogen bubble chamber.

PhD from the University of Munich 1968.



Particles

Bubble chamber working principle
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flash

LH2

A large cylinder filled with a liquid (typically 
liquid hydrogen) is heated to just below its 
boiling point. 

A piston suddenly decreases its pressure, and 
the liquid enters into a superheated, 
metastable phase. 

Charged particles crossing the chamber at that 
moment create an ionization track, around 
which the liquid vaporizes, forming 
microscopic bubbles. 

The bubble density around a track is 
proportional to a particle's energy loss. 
Bubbles grow in size as the chamber expands, 
until they are large enough and when 
illuminated by a flash of light they can be seen 
or photographed.
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Ultimate example: BEBC
biggest bubble chamber built

@ CERN



Bubble chamber picture with 
interpretation
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Neutrino interaction in the hydrogen bubble chamber BEBC



DESY 82 cm bubble chamber
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Period 2

33 citations 
PARTIAL PHOTOPRODUCTION CROSS-SECTIONS UP TO 12-GeV
Joseph Ballam, G.B. Chadwick, Zaven G.T. Guiragossian, P. Klein, A. Levy, M. Menke, Eric Pickup, T.H. Tan, 
P. Seyboth, Guenter E. Wolf (SLAC)

Sep 1968 - 12 pages

Phys.Rev.Lett. 21 (1968) 1541-1543
DOI: 10.1103/PhysRevLett.21.1541
SLAC-PUB-0505
Experiment: SLAC-BC-002

Abstract (APS)
The Stanford Linear Accelerator Center 40-in. hydrogen bubble chamber has been exposed to positron-
electron annihilation radiation at 5 and 7.5 GeV, which was superimposed upon a background of 
bremsstrahlung radiation with 12-GeV maximum energy. Reaction cross sections for events with no 
neutral particles are presented for all energies up to 12 GeV, for one neutral at 5 and 7.5 GeV, and for 
multineutral production at 7.5 GeV.
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1968 - 1972: postdoctoral position at the Stanford Linear Accelerator. Stu-
dies of photo-production with linearly polarised photons in the SLAC and LBL
hydrogen bubble chambers.



SLAC bubble chamber
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Luis Walter Alvarez, Bob Watt, Joseph 
Ballam
and Wolfgang Kurt Hermann (Pief) 

Panofsky, 
SLAC's first director



Disadvantages of bubble chambers

• Cannot be triggered: typical cycle time 2 
cycles /s. Interactions are randomly recorded.

• Interpretation of events difficult: needs 
trained people

• Low statistics 

• Small disadvantage: For track reconstruction 
in space the information of 2 or 3 cameras has 
to be matched
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Period 3

126 citations

Angular Correlations Between the Charged Particles Produced in 
ppCollisions at ISR Energies
K. Eggert, H. Frenzel, W. Thome (Aachen, Tech. Hochsch.), B. Betev, P. Darriulat, P. Dittmann, M. Holder, K.T. McDonald, 
T. Modis, H.G. Pugh (CERN), K. Tittel (Heidelberg U.), I. Derado, V. Eckardt, H.J. Gebauer, R. Meinke, O.R. Sander, P. 
Seyboth (Munich, Max Planck Inst.)  Hide

Oct 1974 - 15 pages

Nucl.Phys. B86 (1975) 201-215
(1975)
DOI: 10.1016/0550-3213(75)90440-X
PRINT-75-0019 (CERN)

Abstract (Elsevier)
We present an analysis of rapidity and azimuthal correlations between the charged products of pp collisions at ISR 
energies. The use of streamer chambers as detectors permits a study of the correlation mechanism at fixed 
multiplicities. The analysis is restricted to the central rapidity region to suppress diffractive production. A strong short-
range correlation is observed, which can be described by independent emission of low-multiplicity clusters, suggestive 
of abundant resonance production.
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1972 - 1976: multiparticle production with a streamer chamber detector and
high transverse momentum pi-zero production with a lead glass array at the
CERN Intersecting Storage Ring



ISR
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Streamer chamber at the ISR. The top streamer chamber is removed.



Streamer chamber setup
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Film cameras with Image intensifiers

Magnet jokes



Streamer chamber
• Photo of an event in the LBL streamer 

chamber with normal camera and colour film
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Rectangular chamber filled with 
Ne/He gas mixture.

A very short (20 ns) high voltage 
pulse is applied between the back 
plane and the transparent (wire 
mesh) front electrode.

The electrons from the ionisation 
process caused by a charged particle 
crossing the detector are accelerated 
and form precursors of sparks called 
streamers

The light emitted by the streamers 
can be either directly photographed 
(as in the photo here) or after 
amplification by image intensifiers 
(see NA35 event)

+ KCl at 1.2 AGeV



Advantages of streamer chambers

• Can be triggered: only interesting events are 
recorded (photographed)

Rainer Renfordt                         HALF A CENTURY OF HIGH-ENERGY PHYSICS, Kielce, October 10th, 2019 18



Period 4

197 citations 

Multiparticle Production on Hydrogen, Argon and Xenon Targets in a 
Streamer Chamber by 200-GeV/c Proton and anti-Proton Beams
Bari-Cracow-Liverpool-Munich-Nijmegen Collaboration (C. De Marzo , M. De Palma, A. Distante, C. Favuzzi, G. 
Germinario, P. Lavopa, G. Maggi, F. Posa, A. Ranieri, G. Selvaggi, P. Spinelli, F. Waldner (Bari U. & INFN, Bari), A. Bialas, 
W. Czyz, T. Coghen, A. Eskreys, K. Eskreys, K. Fialkowski, D. Kisielewska, B. Madeyski, P. Malecki, K. Olkiewicz, B. Pawlik
(Cracow, INP & AGH-UST, Cracow & Jagiellonian U.), W.H. Evans, J.R. Fry, C. Grant, M. Houlden, A. Moreton, H. 
Muirhead, J. Shiers, S.L. Wong (Liverpool U.), M. Antic, W. Baker, F. Dengler, I. Derado, V. Eckardt, J. Fent, P. Freund, H.J. 
Gebauer, T. Kahl, R. Kalbach, A. Manz, P. Polakos, K. Pretzl, N. Schmitz, T. Schouten, P. Seyboth, J. Seyerlein, P. Stopa, D. 
Vranic, G. Wolf (Munich, Max Planck Inst.), F. Crijns, W.J. Metzger, C. Pols, T. Spuijbroek (Nijmegen U. & Nijmegen U.))  
Hide

Mar 1982 - 45 pages

Phys.Rev. D26 (1982) 1019
DOI: 10.1103/PhysRevD.26.1019
MPI-PAE/Exp El-102
Experiment: CERN-NA-005

Abstract (APS)
Interactions of 200-GeV/c protons and antiprotons on hydrogen, argon, and xenon targets were studied with a 
streamer-chamber vertex spectrometer at the CERN SPS. Results on multiplicities, rapidity distributions, and 
correlations are presented and compared with predictions of current models.
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1976 - 1983: experiment NA5 studying jet and multi- particle production with
calorimeters and a streamer chamber at the Cern SPS. Spokesman.
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Period 5

132 citations  

A Study of Deep Inelastic Hadron - Hadron Collisions with a Large 
Acceptance Calorimeter Trigger
Bari-Cracow-Liverpool-Munich-Nijmegen Collaboration (C. De Marzo , M. De Palma, A. Distante, C. Favuzzi, G. 
Germinario, P. Lavopa, G. Maggi, F. Posa, A. Ranieri, G. Selvaggi, P. Spinelli, F. Waldner (Bari U. & INFN, Bari), A. Bialas, 
W. Czyz, T. Coghen, A. Eskreys, K. Eskreys, K. Fialkowski, D. Kisielewska, P. Malecki, B. Madeyski, K. Olkiewicz, B. Pawlik
(Cracow, INP & AGH-UST, Cracow & Jagiellonian U.), W.H. Evans, J.R. Fry, C. Grant, M. Houlden, A. Moreton, H. 
Muirhead, J. Shiers (Liverpool U.), M. Antic, W. Baker, H. Bechteler, I. Derado, V. Eckardt, J. Fent, P. Freund, H.J. Gebauer, 
T. Kahl, R. Kalbach, A. Manz, R. Meinke, P. Polakos, K. Pretzl, N. Schmitz, P. Seyboth, J. Seyerlein, P. Stopa, D. Vranic, G. 
Wolf (Munich, Max Planck Inst.), F. Crijns, W.J. Metzger, C. Pols, T. Spuijbroek (NIKHEF, Amsterdam), N. Sarma, T. 
Schouten (CERN))  Hide

Jan 1982 - 5 pages

Phys.Lett. 112B (1982) 173-177
(1982)
DOI: 10.1016/0370-2693(82)90323-9
MPI-PAE/Exp-El-101
Experiment: CERN-NA-005

Abstract (Elsevier)
Large transverse energy cross sections of 300 GeV/ c pions and protons on hydrogen have been measured with a 
segmented calorimeter covering the central rapidity region −0.88 < y < 0.67 and 2 π in azimuth. The selected events 
show large multiplicities and no jet-like event structure. Processes more complicated than the scattering of two 
constituents appear to dominate these inelastic collisions.
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1981 - 1986: experiment NA24 measuring high transverse momentum direct
photon and pi-zero production.



NA24
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No continuous tracking detector !



NA5
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NA24



Period 6

148 citations
Multiplicity and Transverse Energy Flux in 16O Pb at 200-{GeV} Per Nucleon
NA35 Collaboration (A. Bamberger (Freiburg U.) , D. Bangert (CERN), J. Bartke (Jagiellonian U.), H. Bialkowska (Warsaw U.), R. Bock, R. Brockmann
(Darmstadt, GSI), C. De Marzo, M. De Palma (Bari U. & INFN, Bari), I. Derado, V. Eckardt (Munich, Max Planck Inst.), C. Favuzzi (Bari U. & INFN, Bari), J. Fendt, 
D. Ferenc (Boskovic Inst., Zagreb), H. Fessler, P. Freund (Munich, Max Planck Inst.), M. Gazdzicki (Heidelberg U. & Warsaw U.), H.J. Gebauer (Munich, Max 
Planck Inst.), K. Geissler (CERN), C. Guerra (Darmstadt, GSI), J.W. Harris (LBL, Berkeley & UC, Berkeley & Frankfurt U.), W. Heck (Frankfurt U.), T. Humanic
(Darmstadt, GSI), K. Kadija (Boskovic Inst., Zagreb), R. Keidel (Philipps U. Marburg), M. Kowalski (Jagiellonian U.), S. Margetis (Athens U.), E. Nappi (Bari U. & 
INFN, Bari), G. Odyniec (LBL, Berkeley & UC, Berkeley), G. Paic (Boskovic Inst., Zagreb), A.D. Panagiotou (CERN & Athens U.), A. Petridis (Athens U.), J. 
Pfennig (Frankfurt U.), F. Posa (Bari U. & INFN, Bari), K. Pretzl (Munich, Max Planck Inst.), H.G. Pugh (LBL, Berkeley & UC, Berkeley), F. Puhlhofer (Philipps U. 
Marburg), G. Rai (LBL, Berkeley & UC, Berkeley), A. Ranieri (Bari U. & INFN, Bari), R. Renfordt (Frankfurt U.), D. Rohrlich, K. Runge (Freiburg U.), A. Sandoval 
(Darmstadt, GSI), D. Schall (Heidelberg U.), N. Schmitz (Munich, Max Planck Inst.), L.S. Schroeder (LBL, Berkeley & UC, Berkeley), G. Selvaggi (Bari U. & INFN, 
Bari), P. Seyboth, J. Seyerlein (Munich, Max Planck Inst.), E. Skrzypczak (Warsaw U.), P. Spinelli (Bari U. & INFN, Bari), R. Stock (CERN & Frankfurt U.), H. 
Strobele (CERN & Darmstadt, GSI), A. Thomas (Frankfurt U.), M. Tincknell (LBL, Berkeley & UC, Berkeley & Frankfurt U.), L. Teitelbaum (LBL, Berkeley & UC, 
Berkeley), G. Vesztergombi (Munich, Max Planck Inst.), D. Vranic (Darmstadt, GSI & Boskovic Inst., Zagreb), S. Wenig (Frankfurt U.), M. Wensveen
(Darmstadt, GSI))  Hide

Nov 1986 - 6 pages

Phys.Lett. B184 (1987) 271-276
(1987)
DOI: 10.1016/0370-2693(87)90581-8
CERN-EP-86-194
Experiment: CERN-NA-035

Abstract (Elsevier)
First results from ultrarelativistic 16 O+Pb collisions at 200 GeV/nucleon are presented. The transverse energy E T in average central collisions is ≈ 75 GeV 
for the interval 2.2⩽ y ⩽3.8. A 16-fold convolution of the inelastic p+Au transverse energy spectrum, also measured at 200 GeV, reproduces the mean E T of 
16 O+Pb. The amount of nuclear stopping power appears to be high.
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1986 - 1997: experiment NA35 measuring oxygen- and sulphur- nucleus col-
lisions using a streamer chamber, calorimeters and a TPC. Spokesman since
1990.



NA35 streamer chamber picture
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NA35
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Not so typical picture from the NA35 streamer chamber



NA35 experiment at the SPS North Area
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Camera 
House
(thunderdome) Film magazines



NA35
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NA35
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HAM console at IKF



Advantages of streamer chambers:

• Can be triggered
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Disadvantage of streamer chambers:

• track matching of 2 or 3 camera views is required to get 
track coordinates in space.

• This is difficult in high multiplicity events (see above)

• Low rate: 1 – 2 Hz



Transition to period 7

16 citations 
First experience with the NA35 TPC in heavy ion collisions
V. Eckhardt, T. Alber, H. Fessler, M. Kowalski, W. Rauch, J. Seyboth, P. Seyboth, J. Seyerlein (Munich, Max 
Planck Inst.), J.W. Harris, G. Odyniec, S. Tonse (LBL, Berkeley), R. Bock, R. Brockmann (Darmstadt, GSI), R. 
Renfordt, G. Roland, R. Stock, S. Wenig (Frankfurt U.)  Hide

1992 - 6 pages

Nucl.Instrum.Meth. A315 (1992) 33-38
DOI: 10.1016/0168-9002(92)90676-U
Experiment: CERN-NA-035

Abstract (Elsevier)
The NA35 collaboration has constructed a time projection chamber (TPC) with a sensitive volume of 240 
× 125 × 112 cm 3 . The chamber is operated without a magnetic field and uses pad readout only. During 
the 1990 run with the 32 S beam at CERN 500k events were recorded. A description of the detector is 
given and the performance concerning the position measuring accuracy, two-track resolution, and 
particle indentification by ionisation measurement is discussed.
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1986 - 1997: experiment NA35 measuring oxygen- and sulphur- nucleus col-
lisions using a streamer chamber, calorimeters and a TPC. Spokesman since
1990.
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Addition of a TPC into NA35

Detector gas:
Ne or Ar plus 
admixture (10%)
of CO2 or CH4
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Detector gas:
Ne or Ar plus 
admixture (10%)
of CO2 or CH4



Period 7

197 citations 
Transverse energy production in Pb-208 + Pb collisions at 158-
GeV per nucleon
NA49 Collaboration (T. Alber (Munich, Max Planck Inst.) et al.)  Show all 97 authors

Oct 1994 - 12 pages

Phys.Rev.Lett. 75 (1995) 3814-3817
DOI: 10.1103/PhysRevLett.75.3814
LBL-37450
Experiment: CERN-NA-049

Abstract (APS)
Measurements of the forward and the transverse energy in 158 GeV per nucleon Pb208 + Pb collisions 
are presented. A total transverse energy of about 1 TeV is created in central collisions. An energy density 
of about 3 GeV/fm3 is estimated for near head-on collisions. Only statistical fluctuations are seen in the 
ratio of electromagnetic to hadronic transverse energy.
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1991 - present: experiment NA49 measuring lead-lead, proton-nucleus, and
proton-proton collisions at the Cern SPS using a large acceptance TPC detector
and TOF counter arrays. Spokesman since 1996.
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NA49
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NA49
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NA49
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Period 8

The Forward Time Projection Chamber for the STAR detector
STAR FTPC Collaboration (F. Bieser , S. Klein, H.G. Ritter, H. Wieman
(LBL, Berkeley), A. Etkin, K. Foley, T. Hallmann, Micheal J. LeVine, R. 
Longacre, B. Love, A. Saulys (Brookhaven), M. Anderson, P. Brady, B. 
Caskey, D.A. Cebra, J. Draper, M. Heffner, J. Klay, J. Romero, L. Wood 
(UC, Davis), V. Ghazikhanian (UCLA), X. Bittl, V. Eckardt, H. Fessler, W. 
Gong, H. Hummler, M. Konrad, R. Marstaller, E. Schafer, N. Schmitz, A. 
Schuttauf, P. Seyboth, J. Seyboth (Munich, Max Planck Inst.), A. 
Lebedev (Moscow Phys. Eng. Inst.))  Hide

Jan 1998 - 56 pages

MPI-PHE-98-3, MPI-PHE-98-03
Experiment: BNL-RHIC-STAR
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1994 - present: STAR experiment at RHIC, member of various review commit-
tees. Detector contribution of Max-Planck-Institut für Physik: forward time
projection chambers.
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Radial drift of electrons!!
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STAR
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STAR



Period 9

231 citations  

Measurements of Cross Sections and Charged Pion Spectra in 
Proton-Carbon Interactions at 31 GeV/c
NA61/SHINE Collaboration (N Abgrall (Geneva U.) et al.)  Show all 136 authors

Feb 2011 - 27 pages

Phys.Rev. C84 (2011) 034604
DOI: 10.1103/PhysRevC.84.034604
CERN-PH-EP-2011-005
e-Print: arXiv:1102.0983 [hep-ex] | PDF
Experiment: CERN-NA-061

Abstract (arXiv)
Interaction cross sections and charged pion spectra in p+C interactions at 31 GeV/c were measured with the large 
acceptance NA61/SHINE spectrometer at the CERN SPS. These data are required to improve predictions of the neutrino 
flux for the T2K long baseline neutrino oscillation experiment in Japan. A set of data collected during the first 
NA61/SHINE run in 2007 with an isotropic graphite target with a thickness of 4% of a nuclear interaction length was 
used for the analysis. The measured p+C inelastic and production cross sections are 257.2 +- 1.9 +- 8.9 mb and 229.3 +-
1.9 +- 9.0 mb, respectively. Inclusive production cross sections for negatively and positively charged pions are 
presented as a function of laboratory momentum in 10 intervals of the laboratory polar angle covering the range from 
0 up to 420 mrad. The spectra are compared with predictions of several hadron production models.
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2006 - present: NA61/SHINE experiment at the CERN SPS using the upgraded
NA49 detector for the study of proton-proton, p-nucleus and nucleus-nucleus
collisions
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NA61
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Advantages of TPCs

• Purely electronic readout

• Track coordinates are in 3-D (space)

• High rates: 80 Hz (NA61 now), 800 Hz – 1000 Hz 
after ongoing upgrade

Alice :

430 Hz Pb-Pb, 2.5 kHz p-p up to 3 kHz

after GEM upgrade: continuous readout
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“Rodin sagte, es brauche ein Zusammenwirken 
außergewöhnlicher Umstände, einen Menschen 80 Jahre 
alt werden und ihn das Glück genießen zu lassen, mit 
Leidenschaft dem nachzugehen, was ihm gefällt. Wir sind 
Begünstigte, vergessen wir das nicht!“

Matisse an Bonnard, 1941

My attempt of a translation:
“Rodin said that it needs the coincidence of extraordinary 
circumstances to let a human being became 80 years of age 
and to let him enjoy to pursue what he likes best. We are 
privileged, don‘t let us forget this!“

Matisse an Bonnard, 1941
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Period 1

CERN PS, 24 citations
Annihilations of 5.7 GeV/c p¯ in hydrogen into four charged pions
A. Accensi, V. Alles-Borelli, B. French, Å. Frisk, J.M. Howie, W. Krischer, L. Michejda, 
W.G. Moorhead, B.W. Powell, P. Seyboth et al.  Show all 11 authors

1966 - 3 pages

Phys.Lett. 20 (1966) 557-559
(1966)
DOI: 10.1016/0031-9163(66)90998-X
CERN-TC-PHYSICS-66-2

Abstract (Elsevier)
Annihilations of 5.7 GeV/ c antiprotons in hydrogen into four charged pions have been 
studied. Production of ϱ o and f o mesons and a possible enhancement in both π ± π ±
and π + π − mass distributions at 1.54 GeV is seen. Upper limits for quasi 2-body 
annihilations are given.
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1964 - 1968: work on PhD at the Max-Planck-Institut für Physik on photo-

production in the DESY hydrogen bubble chamber.

PhD from the University of Munich 1968.



Period 2

A Proposal For A Bubble Chamber Experiment With The Polarized 
Laser Induced Photon Beam
Joseph Ballam, G.B. Chadwick, R. Gearhart, Zaven G.T. Guiragossian, P. 
Klein, A. Levy, M. Menke, J.J. Murray, P. Seyboth, A. Shapira, I.O. 
Skillicorn, H. Spitzer, Guenter E. Wolf (SLAC), Richard H. Milburn, 
Charles K. Sinclair (Tufts U.), H.H. Bingham, B. Equer, W.B. Fretter, W.R. 
Graves, K.C. Moffeit, H. Pipkins (UC, Berkeley), Monroe S. Rabin, 
William J. Podolsky, A.H. Rosenfeld, G. Smadja, R. Windmolders (LBL, 
Berkeley), P.V. Handel (DESY)  Hide

Mar 1968 - 20 pages

SLAC-PROPOSAL-BC-11
Experiment: SLAC-BC-011
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1968 - 1972: postdoctoral position at the Stanford Linear Accelerator. Stu-
dies of photo-production with linearly polarised photons in the SLAC and LBL
hydrogen bubble chambers.



Period 9

Na61/Shine at the CERN SPS
NA61 Collaboration (Andras Laszlo et al.)  Show all 119 authors

Sep 2007 - 10 pages

PoS CPOD07 (2007) 054
DOI: 10.22323/1.047.0054
Talk given at Conference: C07-07-09.9
Proceedings
e-Print: arXiv:0709.1867 [nucl-ex] | PDF
Experiment: CERN-NA-061

Abstract (arXiv)
Status of the new experimental program to study hadron production in hadron-nucleus and nucleus-
nucleus collisions at the CERN SPS will be presented. In particular, a detailed physics motivation and 
experimental strategy will be given for the part of the program related to the physics of strongly 
interacting matter: search for the critical point of strongly interacting matter, study properties of the 
onset of deconfinement, and high p_T measurements in p+p and p+A interactions. The planned 
measurements for the neutrino T2K and cosmic-ray experiments will also be discussed.
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2006 - present: NA61/SHINE experiment at the CERN SPS using the upgraded
NA49 detector for the study of proton-proton, p-nucleus and nucleus-nucleus
collisions
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