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CERN Courier Archive: 1970
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  8 ,  J U LY / A U G U S T  1970,  C O M P I L E D  B Y  P E G G I E  R I M M E R

The Brookhaven Alternating Gradient 
Synchrotron AGS really started in 1952. 
The cosmotron had accelerated protons 
beyond 2 BeV (not yet called GeV) and 
although the machine was still too rickety 
to do real research, it was clear that the 
proton synchrotron could be extended to 
any size. cern was being established to 
build on the next larger scale (we did not 
yet know that the russians were embarking 
on the Synchrophasotron) and it seemed 
straightforward to extrapolate the technique, 
until one looked critically at the technical 
and fi nancial problems. Then Courant, 
Livingston and Snyder hit on alternating-
gradient focusing and realized that they had 
really struck something.

on 29 July 1960, the AGS accelerated 
proton beams to peak energy [30 GeV] for 

the fi rst time. Its operation was just pipped 
by the cern PS [on 24 november 1959] but, 
with the experience of the 3 GeV cosmotron 
and 6 GeV Bevatron behind them, [the 
Americans] were the fi rst to get going with 
an excellent research programme.

High-energy physics began in December 

1960 and many of the plums in the newly 
available energy range – including such 
sensational discoveries as the existence of 
two types of neutrino, the identifi cation of 
the omega minus and the fi rst observation of 
cP violation – fell to the AGS. 

 ● compiled from texts on pp210–21, 
222–223.

Brookhaven AGS 10th anniversary
One of the most famous photographs in the 
history of high-energy physics, taken in the 
80-inch bubble chamber at Brookhaven in 
1964, in which an Ω– particle, whose 
existence was a crucial prediction of unitary 
symmetry theory, was fi rst found. Negative 
kaons enter from below and the sequence of 
interactions from which the Ω– was 
identifi ed is shown. (Image credit: BNL.) 

Compiler’s Note 
The discovery of two neutrino types at Brookhaven’s AGS in 1962 and 
of CP violation in 1963 led to Nobel prizes in physics in 1968 and 1980, 
respectively. The simultaneous discovery at the AGS and at SLAC of the 
J/ψ particle in 1974, and therefore the fi rst evidence for the charmed 
quark, was rewarded with yet another Nobel prize in 1976. Like the Proton 
Synchrotron at CERN, the AGS continues in service to this day.

With the electronic era of particle-physics detectors fast approaching, 
pattern recognition of events on bubble-chamber fi lm was reaching its 
zenith in the late 1960s. Some of those marvellous measuring machines 
– part mechanical, part electrical and part whatever else was needed 
(one incorporated a fi shing net) – were worthy of Heath Robinson.

N E W s  F r O M  a B r O a D

Oxford’s fast PEPR System
A PePr [precision encoding and pattern 
recognition] device, constructed at oxford 
University in 1966–67, has measured fi lm 
of 13,000 events of 740 MeV/c negative 
pion–proton interactions at rates of 150 
to 430 events per hour. The upper rate is 
obtained when measuring two prong events 
(on average one per 4 frames) for which 
frame number, topology and vertex guidance 
have been pre-defi ned at a conventional 
scanning table. 

PePr is a crT line digitizer of the type 
fi rst constructed by L Pless at MIT. It uses a 
PDP6 computer and the programs occupy 
30 K words of storage, with the general 
strategy of the successful PoLLY system at 
Argonne, which enables tracks associated 
with a vertex to be rapidly distinguished. 

The main difference from PoLLY is 
that detection and measurement of tracks 
is done using a 1-mm line image. A fast, 
track-following program, the only part not 
written in Fortran iV, maintains the line 
tangential to the track while predicting along 
its length. A typical beam track from the 
80 cm [Saclay] hydrogen bubble chamber 
[at cern] can be measured in about 60 ms. 
The program outputs “master points” on all 
tracks associated with a vertex in a given 
view, and an off-line program MATcHes 
the images from all three views, discarding 
redundant tracks. remaining tracks are input 
to the geometrical reconstruction program.

PePr programs include HeLP facilities 
that show, on a monitor, a scan of any area 
of fi lm in which some ambiguity has arisen. 
The operator can then indicate exact vertex 
position, etc. using a light pen. However, this 
attempt to rescue doubtful events reduces the 

measuring rate to 150 events/hour.
in future, a compromise may be adopted in 

which events whose beam track is not clearly 
distinguishable in at least two views in the 
pre-scan are not presented to PePr. This 
will reduce operator intervention to around 
5% of events and maintain a measuring rate 
of 200–300 events per hour.

Development work [is planned] to 
dispense with pre-scan information where 
fi lm quality is good, and a three-view PEPR 
is being constructed to allow immediate 
access to other views of a given track, 
avoiding the present disadvantages of “post 
mortem” matching. 

 ● compiled from texts on pp258–259.

The Oxford PEPR system for the automatic 
measurement of bubble chamber fi lm. 
(Image credit: Oxford University)
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Astrowatch
C O M P I L E D  B Y  M A R C TÜ R L E R ,  I SDC A N D O B S E R V AT O R Y  O F  T H E  U N I V E R S I T Y  O F  G E N E V A

What is the actual distribution of dark matter? 
Does it follow the expectations for cold dark 
matter (cDM)? “Yes, it does,” according to 
a team of astronomers that has measured the 
average distribution of dark matter derived 
from gravitational lensing in 50 clusters of 
galaxies. The density is observed to decrease 
outwards from the centre of these cosmic 
giants in excellent agreement with the 
predictions of cDM models. 

While dark matter still eludes the 
scrutiny of particle physicists it is becoming 
more substantial to astrophysicists. its 
gravitational role is essential to hold galaxies 
together in clusters, to account for the high 
rotational velocity of stars in the outer 
regions of galaxies and more generally 
to explain the formation of large-scale 
structures in the universe. The relatively 
recent ability to observe the distribution 
of dark matter in space makes it even more 
concrete (CERN Courier January/February 
2007 p11). The method consists of measuring 
the slight distortion of background 
galaxies that is induced by the gravitational 
deformation of space–time along the line 
of sight. This so-called weak-lensing effect 
allows astronomers to locate and measure 
the amount of dark matter,  even though it is 
transparent on the image.

The fl uctuations of the cosmic microwave 
background as observed by the Planck 
satellite imply that cDM constitutes 
about 27% of the energy content of the 
universe (CERN Courier May 2013 p12). 
However, it is important to check whether 

the distribution of mass in galaxy clusters 
follows the expectations of a medium of 
dark-matter particles that only interact with 
each other via gravity and do not emit or 
absorb photons. An international team led 
by nobuhiro okabe of Academia Sinica, 
Taiwan, and Graham Smith of Birmingham 
university used a sample of 50 massive 
clusters of galaxies to test this. The clusters 
were selected from an X-ray catalogue in a 
narrow redshift range of around z = 0.2 and 
observed by the Prime Focus camera of the 
Japanese 8.2-m Subaru Telescope located 
next to the two Keck Telescopes on Mauna 
Kea, Hawai’i. For each cluster, the team 
derived the weak-lensing signal imprinted 
in the shape of background galaxies and 
stacked the results to obtain the average 
density profi le.

The obtained map of the mean dark-matter 

distribution is remarkably symmetrical 
with a pronounced central peak. The 
radial profi le is found to be consistent with 
the navarro-Frenk-White model at the 
sub-10% precision level. Measurement of 
the concentration parameter of the mass 
in the cluster gives c200 = 4.22 + 0.40–0.36, 
which is slightly above but still broadly in 
line with theoretical predictions for cDM. 
This result confi rms that dark matter behaves 
in clusters of galaxies as expected by the 
cDM scenario. it solves a tension between 
previous observations of individual clusters 
that found a high central concentration and 
other studies that included the dynamics of 
the galaxies in the clusters and suggested a 
shallower distribution.

in the future, the team would like to 
improve this analysis by measuring the 
dark-matter density on even smaller scales 
right in the centre of these galaxy clusters. 
This will be possible with the installation of a 
new camera called the Hyper-Suprime-cam 
on the Subaru Telescope, which will also 
allow astronomers to study smaller galaxy 
clusters, which are predicted to have a 
slightly higher dark-matter concentration. 
The team notes, however, that signifi cant 
advances on the precision achieved in the 
current study on massive low-redshift 
galaxies are only expected with future 
facilities such as the Large Synoptic Survey 
Telescope or eSA’s euclid Satellite.

 ● Further reading 
N Okabe et al. 2013 ApJ Lett. 769 L35.

Picture of the month

This intriguing new view of the stellar nursery IC 2944 has 
been released to celebrate the 15th anniversary of the Very 
Large Telescope (VLT). On 25 May 1998, the European 
Southern Observatory (ESO) released the fi rst-light image 
obtained by the fi rst of the four Unit Telescopes composing 
the VLT. One of the fi rst targets of the VLT was a beautiful 
face-on galaxy called NGC 1232, which revealed the power 
of the new 8.2-m telescope installed on Cerro Paranal, in 
Chile, at an altitude of 2635 m. After 15 years, ESO is now 
releasing a more artistic view of dark clouds of dust, known 
as the Thackeray globules, silhouetted against the pale pink, 
glowing gas of the nebula. These globules are under fi erce 
bombardment by UV radiation from nearby young stars and 
might not be able to collapse to form new stars before being 
destroyed.(Image credit: ESO.)

Galaxy clusters shed new light on dark matter

The Subaru Telescope on the left and the two 
domes of the W M Keck Observatory at sunset 
on Mauna Kea, Hawai’i. (Credit: Mailseth.)
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Fermilab

The first collisions occurred in Fermilab’s Tevatron in 1985. 
over the following years, both the energy and the luminosity 
increased (CERN Courier november 2011 p28) and by the time 
operations ceased in 2011 the collision luminosity had reached 
7 × 1032 cm–2 s–1, more than 350 times the original design value. 
The Tevatron’s unique feature was its collisions of protons with 
antiprotons. While it requires substantial technical efforts to make 
antimatter – the Tevatron’s antiproton source was the world’s most 
powerful producer of antimatter but still incapable by a long way 
of the destruction imagined in Angels & Demons – the study of 
proton–antiproton collisions provides the opportunity to study 
quark–antiquark interactions against low backgrounds. By the 
fi nal shutdown, a total luminosity of 12 fb–1 had been delivered to 
each of the two gigantic Tevatron experiments, cDF and DØ, cor-
responding to around 5 × 1014 proton–antiproton interactions at a 
collision energy of 2 TeV.

Images of the two experiments (fi gure 1) appeared on the front 
pages of many magazines, in artworks and on TV shows. These 
modern engineering marvels were largely innovative and demon-
strated, for example, the power of a silicon detector in a hadron-col-
lider environment, multi-level triggering, uranium–liquid-argon 
calorimetry and the ability to identify b quarks. From the collisions 
provided, the teams recorded the 2 × 1010 most interesting events to 
tape for detailed examination offl ine. The analysis effort included 
searches and studies of new particles, such as the Higgs boson, and 
precision studies of the parameters of the Standard Model. Many 
of the exciting results obtained before the end of 2011 have already 
been summarized in CERN Courier (october 2011 p20). This arti-
cle presents an update on some of the results obtained by cDF and 
DØ over the past two years.

The search for the Higgs boson was among the central phys-
ics goals of the programme for Tevatron run ii (2001–2011) and 

the challenge of understanding the origin of mass in the Stand-
ard Model attracted world-leading experimentalists to Fermilab. 
in 2005, the data sets provided by the Tevatron reached the point 
where the search for a substantial number of Higgs events above 
backgrounds could start. From then until 2012, the analysis teams 
provided not only increasingly stringent direct mass-exclusions 
but also reduced indirectly the mass range where the Higgs boson 
could exist, using highly precise measurements of the masses of the 
top quark and the W boson (see below). By early 2011, results from 
the Tevatron and cern’s Large electron–Positron collider had 

The Tevatron’s data 
continue to excite 
On 30 September 2011, the Tevatron beams 
were shut down for the last time. Nevertheless, 
analysis of data collected during 10 years of 
proton–antiproton running continues to provide 
new results, as Dmitri Denisov and Robert 
Roser describe.

Fig. 1. CDF and DØ are complex, general-purpose detectors 
with over one-million detection channels. Four storeys high, they 
weigh in excess of 5000 tonnes. (Image credit: Fermilab.)
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QUADRUPOLE LENS:  This model shows the path of a beam 
of B5+ ions focused by consecutive magnetic quadrupole lenses. 
Such devices are used in nuclear and particle physics centers.
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