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Michel Borghini, who passed away unexpectedly on 15 December 
2012, was at CERN for more than 30 years. Born in 1934, Michel 
was a citizen of Monaco. He graduated from Ecole Polytechnique in 
1955 and went on to obtain a degree in electrical engineering from 
Ecole Supérieure d’Electricité, Paris, in 1957. He then joined the 
group of Anatole Abragam at what was the Centre d’Etudes Nuclé-
aires, Saclay, where he took part in the study of dynamic nuclear 
polarization that led to the development of the first polarized proton 
targets for use in high-energy physics experiments. It was here that 
he gained the experience that he was to develop at CERN, to the 
great benefit of experimental particle physics. 

The basic aim with a polarized target is to line up the spins of 
the protons, say, in a given direction. In principle, this can be done 
by aligning the spins with a magnetic field but the magnitude of 
the proton’s magnetic moment is such that it takes little energy to 
knock them out of alignment; thermal vibrations are sufficient. 
Even at low temperatures and reasonably high magnetic fields, the 
polarization achieved by this “brute force” method is small: only 
0.1% at a temperature of 1 K and in an applied magnetic field of 
1 T. To overcome this limitation, dynamic polarization exploits the 
much larger magnetic moment of electrons by harnessing the cou-
pling of free proton spins in a material with nearby free electron 
spins. At temperatures of about 1 K, the electron spins are almost 
fully polarized in an external magnetic field of 1 T and the appli-
cation of microwaves of around 70 GHz induces resonant transi-
tions between the spin levels of coupled electron–proton pairs. The 
effect is to increase the natural, small proton polarization by more 
than two orders of magnitude. The polarization can be reversed 
with a slight change of the microwave frequency, with no need to 
reverse the external magnetic field.

First experiments
In 1962, Abragam’s group, including Michel, reported on what 
was the first experiment to measure the scattering of polarized 
protons – in this case a 20 MeV beam derived from the cyclotron 
at Saclay – off a polarized proton target (Abragam et al. 1962). 
The target was a single crystal of lanthanum magnesium nitrate 

(La2Mg3(NO3)12.24H2O or LMN), with 0.2% of the La3+ replaced 
with Ce3+, yielding a proton polarization of 20%. 

Michel moved to CERN three years later, where he and others 
from Saclay and CERN had just tested a polarized target in an 
experiment on proton–proton scattering at 600 MeV at the Syn-
chrocyclotron (SC) (CERN Courier December 2007 p12). Devel-
oped by the Saclay group for the higher energy beams of the Proton 
Synchrotron (PS), the target consisted of a crystal of LMN 4.5 cm 
long with transverse dimensions 1.2 cm × 1.2 cm and doped with 
1% neodymium. It was cooled to around 1 K in a 4He cryostat built 
in Saclay by Pierre Roubeau, in the field of a 1.8 T magnet designed 
by CERN’s Guido Petrucci and built in the SC workshop. This 
target, with an average polarization of around 70%, was used in 
several experiments at the PS between 1965 and 1968, in both pion 
and proton beams with momenta of several GeV/c. These experi-
ments measured the polarization parameter for π± elastic scattering 
and for the charge-exchange reaction π–p→π0n at small values of 
t, the square of the four-momentum transfer, typically, |t| < 1 GeV2. 

In LMN crystals, the fraction of free, polarized protons is only 
around 1/16 of the total number of target protons. As a conse-
quence, the unpolarized protons bound in the La, Mg, N and O 
nuclei formed a serious background in these early experiments. 
This background was reduced by imposing on the final-state par-
ticles the strict kinematic constraints expected from the collisions 
off protons at rest; the residual background was then subtracted 
by taking special data with a “dummy” target containing no free 
protons. 

Michel’s group at CERN thus began investigating the possibil-
ity of developing polarized targets with a higher content of free 
protons. In this context, in 1968 Michel published two important 
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pioneer of a key technique in high-energy 
particle physics.
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Michel’s 1968 paper on his “spin-temperature model”.
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the short-lived 82Zn+ ions were sent through an electronic beam 
gate, opened quickly for 82Zn but otherwise closed to block the 
contaminants. The purified sample was transferred to the first of 
two Penning traps situated in individual superconducting sole-
noids, where the ions were cooled in a helium buffer-gas in prepa-
ration for the final mass measurement in the second, hyperbolic 
high-precision Penning trap. There, the standard time-of-flight ion 
cyclotron-resonance technique was used to determine the mass. 
This successful implementation of the MR-ToF MS represents a 
pioneering advance in mass spectrometry. 

Drilling deeper
Probing neutron-star composition requires solving relativistic equa-
tions, known as the Tolman-Oppenheimer-Volkov (TOV) equations, 
that govern hydrostatic equilibrium in neutron-degenerate matter. 
The TOV equations relate pressure and mass-energy to the neutron-
star radius and therefore require an equation of state. Stable- and 
radioactive-beam facilities have provided substantial information 
about the equations of state of finite nuclei but even the most exotic 
systems studied have proton fractions of 25–30%, which is far larger 
than the few per cent found in neutron stars. With this in mind, a 
Brussels-Montréal collaboration has developed a model for predict-
ing nuclear binding energies based on the Skyrme force – an effec-
tive interaction between nucleons that also provides an equation of 
state – within the same theoretical framework (Pearson et al. 2011). 

With the new 82Zn mass, calculations were performed to “drill” 
deeper into the neutron-star crust. This was done by minimizing 
the Gibb’s free energy per nucleon, where the total pressure at a 
given depth can be determined by the electron pressure and the 
lattice pressure. The abundances of all neighbouring nuclides 
were calculated for an array of nucleon densities and pressures. 
Last, the depths of the crust at which the nuclides are formed can 
be found using the TOV equations. Figures 1 and 2 illustrate the 
results. Because the new mass is considerably less bound than the 
predictions of the mean-field model HFB-19, 82Zn is no longer 
present in the neutron-star crust. The nuclide 80Zn remains but its 
presence is now constrained experimentally – deeper in the core 
than predicted by HFB-19. This result has extended knowledge 
of the crust composition of neutron stars to new depths.

This composition may have relevance for the nucleosynthesis 

of heavy elements by the r process, named for the series of rapid 
neutron captures that are involved (Arnould et al. 2007). The 
decompression of a neutron star’s matter brought about by tidal 
effects from a merger with a black hole or another neutron star, 
allows an r process to occur as the ejected clump vaporizes into 
the interstellar medium. While the total ejected mass per event is 
relatively low, it can still explain the total enrichment of r nuclei 
in the Galaxy; moreover, the calculated abundance distribution 
is tantalizingly close to that observed in the Solar System. The 
robustness of these predictions to the variation of input param-
eters makes the composition of neutron stars one of the most 
promising situations for addressing the important question of the 
origin of the elements. 

 ● Further reading
R N Wolf et al. 2013 Phys. Rev. Letts. 110 041101.
M Lattimer and M Prakash 2004 Science 304 536. 
M Arnould, S Goriely and K Takahashi 2007 Phys. Reports 450 97.
G Baym, C Pethick and P Sutherland 1971 Ap. J. 170 299.
J M Pearson, S Goriely and N Chamel 2011 Phys. Rev. C83 065810.

Résumé
Sonder les profondeurs des étoiles à neutrons 

L’expérience ISOLTRAP, à l’installation à faisceaux radioactifs 
ISOLDE du CERN, a été à l’avant-garde des mesures de masse 
de précision en ligne. Récemment, une amélioration de la 
spectrométrie de masse, avec ISOLTRAP, associée aux techniques 
de purification de pointe d’ISOLDE, a permis de réaliser une 
première mesure de la masse du zinc-82. D’après les prédictions, 
ce nucléide exotique devrait résider dans les zones extérieures 
– les « croûtes » – des étoiles à neutrons, c’est-à-dire les restes 
ultra-denses d’explosions de supernovas. Le nouveau résultat 
d’ISOLTRAP permet de mieux comprendre la composition de ces 
croûtes et pourrait jeter une lumière nouvelle sur la nucléosynthèse 
des éléments les plus lourds.

David Lunney, CSNSM/CNRS Université de Paris Sud, Stéphane Goriely, 
IAA/FNRS Université Libre de Bruxelles, Susanne Kreim, CERN, and 
Robert Wolf, Ernst-Moritz-Arndt Universität Greifswald.
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Fig. 3. The new multi-reflection time-of-flight mass separator (MR-ToF MS), developed at the University of Greifswald and 
integrated into the ISOLTRAP set-up at ISOLDE (Wolf et al. 2013). The injected 82Zn ions are reflected back and forth approximately 
100 times, covering a distance of around 100 m in 2.5 ms, and separating themselves from their isobaric neighbours in the process. 
The fast beam-gate is timed to let only the ions of interest through to the next trap. 
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frozen spin target and showing the advantages of powerful (dilu-
tion) refrigerators. Today, polarized targets with volumes of several 
litres and large 3He–4He dilution cryostats are still in operation, for 
example in the NA58 (COMPASS) experiment at the SPS, where 
the spin structure of the proton has been studied using deep-inelas-
tic scattering of high-energy muons (CERN Courier July/August 
2006 p15 and September 2010 p34). Dynamic nuclear polarization 
has also found applications in medical magnetic-resonance imag-
ing and Michel’s spin-temperature model is still widely used. 

In the 1980s, Michel took part in the UA2 experiment at CERN’s 
SPS proton–antiproton collider, where he contributed to the cali-
bration of the 1444 analogue-to-digital converters (ADCs) that 
were used to measure the energy deposited in the central calo-
rimeter. He wrote all of the software to drive the large number of 
precision pulse-generators that monitored the ADC stability dur-
ing data-taking.

From 1983 to 1996, he was a member of the Executive Commit-
tee of the CERN Staff Association, being its vice-president until 
1990 and then its president until June 1996. After retiring from 
CERN in January 1999, he returned to Monaco where in 2003 he 
was nominated Permanent Representative of Monaco to the United 
Nations (New York), a post that he kept until 2005.

Michel was an outstanding physicist, equally at ease with theory 
and being in the laboratory. He had broad professional compe-
tences, a sharp, analytical mind, imagination and organizational 
skills. He is well remembered by his collaborators for his wisdom 
and advice, and also for his quiet demeanour and his keen but often 
subtle, sense of humour. His culture and interests extended well 
beyond science. He was also a talented tennis player. He will be 
sorely missed by those who had the privilege of working with him, 
or of being among his friends. Much sympathy goes to his two 
daughters, Anne and Isabelle, and to their families.

 ● Further reading
A Abragam et al. 1962 Phys. Lett. 2 310.
M Borghini 1968a Phys. Lett. 26A 242.
M Borghini 1968b Phys. Rev. Lett. 20 419.
O Chamberlain 1985 J. Phys. Colloques 46 C2 743.
S Mango, Ö Runólfsson and M Borghini 1969 Nucl. Instr. Meth. 72 45.

Résumé
Michel Borghini et l’avènement des cibles polarisées
 
Michel Borghini, qui nous a quittés en décembre 2012, a été le 
pionnier d’une technique essentielle de la physique des particules. 
Il a commencé sa carrière au Centre d’études nucléaires de 
Saclay, où il a travaillé avec Anatole Abragam sur les études de 
polarisation nucléaire dynamique qui ont abouti aux premières 
cibles de protons polarisés pour la physique des hautes énergies. 
Au CERN, le groupe de Borghini a réalisé des avancées importantes 
dans le développement de cibles à base de liquides organiques 
gelés, pouvant permettre des polarisations de protons élevées. Dans 
cet article, ses collègues et amis rappellent différents aspects de ses 
contributions aux expériences, au CERN et ailleurs. 

His colleagues and friends, at CERN and elsewhere.
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papers in which he proposed a new phenomenological model of 
dynamic nuclear polarization: the “spin-temperature model” 
(Borghini 1968a and 1968b). The model suggested that sizable 
proton polarizations could be reached in frozen organic liquids 
doped with paramagnetic radicals. Despite some initial scepticism, 
in 1969 Michel’s team succeeded in measuring a polarization of 
around 40% in a 5 cm3 sample consisting of tiny beads made from 
a frozen mixture of 95% butanol (C4H9OH) and 5% water saturated 
with the free-radical porphyrexide. The beads were cooled to 1 K 
in an external magnetic field of 2.5 T and the fraction of free, polar-
ized protons in the sample was around 1/4 – some four times higher 
than in LMN (Mango, Runólfsson and Borghini 1969).

The group at CERN went on to study a large number of organic 
materials doped with free-paramagnetic radicals, searching for 
the optimum combination for polarized targets. In this activity, 
where cryostats based on 3He–4He dilution capable of reaching 
temperatures below 0.1 K were developed, Michel guided two PhD 
students: Wim de Boer of the University of Delft (now professor 
at the Karlsruhe Institute of Technology) and Tapio Niinikoski of 
the University of Helsinki, who went on to join CERN in 1974. 
They finally obtained polarizations of almost 100% in samples of 
propanediol (C3H8O2) doped with chromium (V) complexes and 
cooled to 0.1 K, in a field of 2.5 T, with 19% free, polarized protons. 

In this work, the concept of spin temperature that Michel had 
proposed was verified by polarizing several nuclei simultaneously 
in a special sample containing 13C and deuterons. The nuclei had 
different polarizations but their values corresponded to a single 
spin temperature in the Boltzmann formula giving the populations 
of the various spin states.  

These targets were used in a number of experiments at CERN, at 
both the PS and the Super Proton Synchrotron (SPS). They meas-
ured polarization parameters in the elastic scattering of pions, 
kaons and protons on protons in the forward diffraction region 
and at backward scattering angles; in the charge-exchange reac-
tions K–p → K–0n and p–p → n–n; in the reaction π–p → K0Λ0; and in 
proton–deuteron scattering. In all of these experiments, Jean-
Michel Rieubland of CERN provided invaluable help to ensure a 
smooth operation of the targets.

In the early 1970s, Michel also initiated the development of 
“frozen spin” targets. In these targets, the proton spins were first 
dynamically polarized in a high, uniform magnetic field, and then 
cooled to a low enough temperature so that the spin-relaxation rate 
of the protons would be slow even in lower magnetic fields. The 
targets could then be moved to the detector, thus providing more 
freedom in the choice of magnetic spectrometers and orientations 
of the polarization vector. The first frozen spin target was success-
fully operated at CERN in 1974.

In 1969, Michel took leave from CERN to join the Berkeley 
group led by Owen Chamberlain working at SLAC, where he took 
part in a test of T-invariance in inelastic e± scattering from polar-
ized protons in collaboration with the SLAC group led by Richard 
Taylor. The target, built at Berkeley, was made of butanol and the 
SLAC 20 GeV spectrometer served as the electron (and positron) 
analyser. The experiment measured the up–down asymmetry for 
transverse target spin for both electrons and positrons. No time-
reversal violations were seen at the few per cent level.

Michel took leave to work at SLAC again in 1977, this time on a 
search for parity violation in deep-inelastic scattering of polarized 
electrons off an unpolarized deuterium target. Here, he worked 
on the polarized electron source and its associated laser, as well 
as on the electron spectrometer. The small parity-violation effects 
expected from the interference of the photon and Z exchanges 
were, indeed, observed and published in 1978. Michel then moved 
to the University of Michigan at Ann Arbor, where he joined the 
group led by Alan Krisch and took part in an experiment to meas-
ure proton–proton elastic scattering using both a polarized target 
and a 6 GeV polarized beam from the 12 GeV Zero Gradient Syn-
chrotron at Argonne National Laboratory.

Michel left CERN’s polarized target group in 1978, succeeded 
by Niinikoski. Writing in 1985 on major contributions to spin phys-
ics, Chamberlain listed the people that he felt to be “the heroes – the 
people who have given [this] work a special push” (Chamberlain 
1985). Michel is the only one that he cites twice: with Abragam and 
colleagues for the first polarized target and the first experiment to 
use such a target; and with Niinikoski, for their introduction of the 

Michel during his time with the CERN Staff Association.

The target’s internal structure.

Michel with a frozen-spin target at CERN in 1976.
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frozen spin target and showing the advantages of powerful (dilu-
tion) refrigerators. Today, polarized targets with volumes of several 
litres and large 3He–4He dilution cryostats are still in operation, for 
example in the NA58 (COMPASS) experiment at the SPS, where 
the spin structure of the proton has been studied using deep-inelas-
tic scattering of high-energy muons (CERN Courier July/August 
2006 p15 and September 2010 p34). Dynamic nuclear polarization 
has also found applications in medical magnetic-resonance imag-
ing and Michel’s spin-temperature model is still widely used. 

In the 1980s, Michel took part in the UA2 experiment at CERN’s 
SPS proton–antiproton collider, where he contributed to the cali-
bration of the 1444 analogue-to-digital converters (ADCs) that 
were used to measure the energy deposited in the central calo-
rimeter. He wrote all of the software to drive the large number of 
precision pulse-generators that monitored the ADC stability dur-
ing data-taking.

From 1983 to 1996, he was a member of the Executive Commit-
tee of the CERN Staff Association, being its vice-president until 
1990 and then its president until June 1996. After retiring from 
CERN in January 1999, he returned to Monaco where in 2003 he 
was nominated Permanent Representative of Monaco to the United 
Nations (New York), a post that he kept until 2005.

Michel was an outstanding physicist, equally at ease with theory 
and being in the laboratory. He had broad professional compe-
tences, a sharp, analytical mind, imagination and organizational 
skills. He is well remembered by his collaborators for his wisdom 
and advice, and also for his quiet demeanour and his keen but often 
subtle, sense of humour. His culture and interests extended well 
beyond science. He was also a talented tennis player. He will be 
sorely missed by those who had the privilege of working with him, 
or of being among his friends. Much sympathy goes to his two 
daughters, Anne and Isabelle, and to their families.

 ● Further reading
A Abragam et al. 1962 Phys. Lett. 2 310.
M Borghini 1968a Phys. Lett. 26A 242.
M Borghini 1968b Phys. Rev. Lett. 20 419.
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S Mango, Ö Runólfsson and M Borghini 1969 Nucl. Instr. Meth. 72 45.
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papers in which he proposed a new phenomenological model of 
dynamic nuclear polarization: the “spin-temperature model” 
(Borghini 1968a and 1968b). The model suggested that sizable 
proton polarizations could be reached in frozen organic liquids 
doped with paramagnetic radicals. Despite some initial scepticism, 
in 1969 Michel’s team succeeded in measuring a polarization of 
around 40% in a 5 cm3 sample consisting of tiny beads made from 
a frozen mixture of 95% butanol (C4H9OH) and 5% water saturated 
with the free-radical porphyrexide. The beads were cooled to 1 K 
in an external magnetic field of 2.5 T and the fraction of free, polar-
ized protons in the sample was around 1/4 – some four times higher 
than in LMN (Mango, Runólfsson and Borghini 1969).

The group at CERN went on to study a large number of organic 
materials doped with free-paramagnetic radicals, searching for 
the optimum combination for polarized targets. In this activity, 
where cryostats based on 3He–4He dilution capable of reaching 
temperatures below 0.1 K were developed, Michel guided two PhD 
students: Wim de Boer of the University of Delft (now professor 
at the Karlsruhe Institute of Technology) and Tapio Niinikoski of 
the University of Helsinki, who went on to join CERN in 1974. 
They finally obtained polarizations of almost 100% in samples of 
propanediol (C3H8O2) doped with chromium (V) complexes and 
cooled to 0.1 K, in a field of 2.5 T, with 19% free, polarized protons. 

In this work, the concept of spin temperature that Michel had 
proposed was verified by polarizing several nuclei simultaneously 
in a special sample containing 13C and deuterons. The nuclei had 
different polarizations but their values corresponded to a single 
spin temperature in the Boltzmann formula giving the populations 
of the various spin states.  

These targets were used in a number of experiments at CERN, at 
both the PS and the Super Proton Synchrotron (SPS). They meas-
ured polarization parameters in the elastic scattering of pions, 
kaons and protons on protons in the forward diffraction region 
and at backward scattering angles; in the charge-exchange reac-
tions K–p → K–0n and p–p → n–n; in the reaction π–p → K0Λ0; and in 
proton–deuteron scattering. In all of these experiments, Jean-
Michel Rieubland of CERN provided invaluable help to ensure a 
smooth operation of the targets.

In the early 1970s, Michel also initiated the development of 
“frozen spin” targets. In these targets, the proton spins were first 
dynamically polarized in a high, uniform magnetic field, and then 
cooled to a low enough temperature so that the spin-relaxation rate 
of the protons would be slow even in lower magnetic fields. The 
targets could then be moved to the detector, thus providing more 
freedom in the choice of magnetic spectrometers and orientations 
of the polarization vector. The first frozen spin target was success-
fully operated at CERN in 1974.

In 1969, Michel took leave from CERN to join the Berkeley 
group led by Owen Chamberlain working at SLAC, where he took 
part in a test of T-invariance in inelastic e± scattering from polar-
ized protons in collaboration with the SLAC group led by Richard 
Taylor. The target, built at Berkeley, was made of butanol and the 
SLAC 20 GeV spectrometer served as the electron (and positron) 
analyser. The experiment measured the up–down asymmetry for 
transverse target spin for both electrons and positrons. No time-
reversal violations were seen at the few per cent level.

Michel took leave to work at SLAC again in 1977, this time on a 
search for parity violation in deep-inelastic scattering of polarized 
electrons off an unpolarized deuterium target. Here, he worked 
on the polarized electron source and its associated laser, as well 
as on the electron spectrometer. The small parity-violation effects 
expected from the interference of the photon and Z exchanges 
were, indeed, observed and published in 1978. Michel then moved 
to the University of Michigan at Ann Arbor, where he joined the 
group led by Alan Krisch and took part in an experiment to meas-
ure proton–proton elastic scattering using both a polarized target 
and a 6 GeV polarized beam from the 12 GeV Zero Gradient Syn-
chrotron at Argonne National Laboratory.

Michel left CERN’s polarized target group in 1978, succeeded 
by Niinikoski. Writing in 1985 on major contributions to spin phys-
ics, Chamberlain listed the people that he felt to be “the heroes – the 
people who have given [this] work a special push” (Chamberlain 
1985). Michel is the only one that he cites twice: with Abragam and 
colleagues for the first polarized target and the first experiment to 
use such a target; and with Niinikoski, for their introduction of the 
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Michel with a frozen-spin target at CERN in 1976.
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Technology transfer

Last year, the Executive Committee of the European Physical Soci-
ety (EPS) decided to revive the EPS Technology and Innovation 
Group (TIG) by launching a workshop to take stock of projected 
R&D and technological innovations in research in accelerator and 
particle physics and their potential spin-offs to society. The three-
day workshop took place on 22–24 October at the Ettore Majorana 
Foundation and Centre for Scientific Culture, in Erice, with some 
25 participants. While it could not cover all ongoing technology 
and innovation activities, the workshop nevertheless provided the 
opportunity to review important developments based on inter-
national, interdisciplinary collaboration between research labo-
ratories and university groups, supported by technology-transfer 
professionals as well as small and medium-size companies (SMEs).

 The workshop opened with a talk by Phil Bryant, formerly of 
CERN, on “Accelerators: a history of innovation and spin-off”. 
His review of the repeated reincarnation of accelerators during 
the 20th century illustrated the importance of these machines – 
which were developed for nuclear and particle physics – as a major 
spin-off from basic research to medical applications. In the fol-
lowing presentation, Ken Peach of Oxford University stressed the 
importance of close collaboration between accelerator scientists, 
oncologists, radiobiologists and biophysicists. In his overview of 
radio- and proton-therapy he explained the underlying physics of 
radiation and its effects on tumour cells and normal tissue, the 
evolution of instruments and techniques, as well as the clinical 
aspects and the challenges. He gave many examples and statistics 
together with a list of improvements required after the transfer of 
instruments from accelerator laboratories to hospitals. His instruc-
tive overview of industrial solutions, new ideas and novel tech-
niques showed the importance of this technology’s spin-off from 
research to society. Last, he outlined the potential of radionuclide 
production for medical tracers and described a proposal for a new 
biomedical facility at the Low-Energy Ion Ring (LEIR) at CERN. 
Several other speakers also discussed this latter topic, highlighting 
the need for more research in radiation biophysics and presenting 
details of the proposal.

Complementary to the accelerators are the detectors, sensors, 
and sophisticated electronic read-out chips that are now avail-
able for medical imaging. Jean-Marie Le Goff of CERN made the 

case for a low-energy cyclotron to produce isotopes for positron-
emission tomography (PET). He covered the use in medicine of 
PET and computerized tomography technologies, presenting an 
overview of cyclotron manufacturers, as well as applications in 
industry and in the production of radiopharmaceuticals. He also 
described the joint project by CERN and the Spanish research cen-
tre, CIEMAT, to develop an ultracompact cyclotron for single-dose 
production in collaboration with an industrial consortium.

Another highlight was the talk by Michael Campbell of CERN 
on the incredible success story of the Medipix chip, which started 
in the days of the LAA project at CERN, driven by requirements 
for the LHC experiments for a hybrid-pixel detector. Hybrid-pixel 
vertex detectors are now installed in the ALICE, ATLAS and CMS 
experiments at the LHC and the same technology is being used in 
the photon detectors in LHCb’s ring-imaging Cherenkov detectors. 
All four of these systems are making a significant contribution to 
the output of LHC physics.

Meanwhile, the Medipix2 and Medipix3 collaborations have 
applied the hybrid approach to all kinds of applications in particle 
imaging. While some were foreseen, in many cases the applica-
tions (such as low-energy electron microscopy, or space-based 
dosimetry) were unimaginable at the start of the work. Back-
ground radiation can be seen with the Timepix chip, which has 
also become a powerful pedagogical tool for inspiring the next 
generation of scientists and engineers (see, for example, CERN 
Courier May 2010 p22). Moreover, and thanks to the application of 
a novel read-out-architecture in deep sub-micron CMOS technol-
ogy by the Medipix3 collaboration, high-resolution colour X-ray 
imaging is coming within reach. 

To conclude on the topic of medical applications, Viviana 

Accelerating innovation

A workshop on the technology of particle 
accelerators and detectors marked the revival 
of an EPS group focusing on innovative areas 
and potential spin-offs.

Some 25 experts gave presentations and joined in discussions on 
topics including accelerators, detectors, electronics, informatics, 
R&D and spin-offs, with a particular emphasis on medical 
applications. (Image credit: EMFCSC.)
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catch the light

Photomultipliers from ET Enterprises and ADIT Electron Tubes

If the answer is yes to any of these questions, then 
ET Enterprises, and sister company ADIT Electron Tubes 
in the US, may have the answer with their range of 
photomultipliers and associated electronics and hardware.

Photomultipliers have always offered significant performance 
advantages over other types of low-level light detection devices 
and this is as true today as ever before. But what has changed is 
that photomultipliers are now much easier to use due to the wide 
range of ready-to-use associated electronics and HV supplies, and 
modular analogue and photon counting systems, in many cases operating 
from low voltage.

Need to detect light down to single photon level?

Need dark counts as low as a few cps at 20o C?

Need a detection area of up to 200cm2 or more?
 

    Sockets and voltage dividers for almost any 
    photomultiplier type and application.
..

.
..

Contact us to learn more about these 
easy-to-use, highly sensitive light detectors, 
or try the parameterised search facility on 
our website.

Magnetic shields.

Modular signal processing electronics, analogue 

HV power supplies, including bench-top and 
    

Light-tight housings including cooling.

or digital.

compact, low power integral HV bases.

And, of course, we can also supply the photomultipliers for 

Examples of how we can make using photomultipliers 
easier:

your application. We offer a very wide range, including 
alternatives to many Photonis types.

Advertising feature

A long term partnership in the ultra-high vacuum 
technology between SAES Group and CERN

www.saesgroup.com 
email: neg_technology@saes-group.com

SAES Group has been pioneering the development 
and manufacturing of special getter materials in a 
variety of vacuum devices since more than 70 years. 
Thanks to a close technical cooperation, many SAES 
getters pumping solutions have been tested and 
used by CERN since more than 30 years, paving the 
way to a larger diffusion of getter technology to meet 
UHV-XHV challenges in particle accelerators. Today, 
SAES  Group is supplying the new generation of 
getter vacuum pumps NEXTorr®, that combine high 
sorption speed for all the gasses in a compact volume: 

the unique characteristics of NEXTorr® will enable improved vacuum performances in particles 
accelerators as well as reduced footprint and savings in the maintenance area. 

SAES Group is also licensee of the not evaporable getter (NEG) film coating technology developed 
in the 90s’ at CERN. SAES Group supplied NEG coated chambers to the most important particles 
accelerators in Europe, US and Asia. This technology nicely complements the getter pumps product 
line, thus allowing SAES Group to offer a complete portfolio of solutions for Particle Accelerators and 
High Energy machines.

Pumping speed 3600 I/s (H2) 
Capacity 980 Torr/I (H2) 
CF 150 / CF 200 
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