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Dark matter

numerous astronomical observations indicate that about one quar-
ter of the energy content of the universe is made up of a mysterious 
substance known as dark matter. The Planck collaboration recently 
measured this to the precise percentage of 26.8%, which is slightly 
greater than the previous value from nine years of observations by 
the Wilkinson Microwave Anisotropy Probe (WMAP). Dark mat-
ter, which is fi ve times more abundant than baryonic matter, pro-
vides compelling evidence for new physics and could be made of a 
new particle not present in the Standard Model. Theories beyond the 
Standard Model, such as supersymmetric models or theories with 
extra dimensions, suggest promising candidates and naturally pre-
dict so-called weakly interacting massive particles (WiMPs), which 
are stable or have lifetimes longer than the age of the universe.

There are several complementary strategies to detect dark mat-
ter. The ATLAS and cMS experiments at the LHc search for such 
particles produced in proton–proton collisions. indirect searches, 
for example by the AMS-02 or icecube detectors, aim at detecting 
the products of dark-matter annihilation in cosmic rays. 

Because dark-matter particles are expected to be abundant in 
the Galaxy, with an energy density of about 0.3 GeV/c2/cm3 at the 
location of the Sun, the most direct strategy is to look for their 
interactions in laboratory-based detectors. in general, it is possible 
to study spin-independent WiMP–nucleon interactions – which 
scale with the square of the target’s mass number, A – or spin-
dependent couplings to unpaired nucleons in the target nucleus. 
Because of their nonrelativistic Maxwellian velocity distribution 
with a typical speed of around 220 km/s and because the WiMPs 
interact signifi cantly only with nuclei (and not with the electrons), 
the expected signal is a featureless exponential nuclear-recoil spec-
trum. The recoil energies depend on the mass of the WiMP and on 
the target material and are typically of the order of a few tens of 
kilo-electron-volts.

Because the expected interaction rates are small, a sensitive 
WiMP detector needs to feature a large target mass, an ultralow 
background and a low energy threshold. in addition, it should allow 
the distinction of the nuclear-recoil signal (from WiMPs and also 
from background neutrons) from the overabundant electronic-
recoil background from γ and β radiation. 

The most sensitive dark-matter detector to date is Xenon100, 
which is operated by the Xenon collaboration and situated at the 
italian Laboratori nazionali del Gran Sasso (LnGS), under about 
1.3 km of rock that provides a natural shield from cosmic rays. The 

experiment searches for WIMP interactions in a target of 62 kg of 
liquid xenon. The noble gas xenon is cooled to around –90°c to 
bring it to the liquid state with a density of around 3 g/cm³. its high 
mass number, A, of around 130 makes it one of the heaviest of all 
target materials for dark-matter detection.

Xenon100 is operated as a dual-phase time-projection cham-
ber (TPC), as fi gure 1 illustrates. Particle interactions excite the 
liquid xenon, leading to prompt scintillation light, and also ion-
ize the target atoms. A uniform electric fi eld causes the ionization 
electrons to drift away from the interaction site to the top of the 
TPC. Here a strong electric fi eld extracts them into the xenon-gas 
phase above the liquid. Subsequent scattering on the gas atoms 
leads to signal amplifi cation and a secondary scintillation signal, 
which is directly proportional to the ionization extracted. Both 
the prompt and secondary scintillation light are detected by two 
arrays of low-radioactivity photomultipliers (PMTs), which are 

Enlightening the dark
New results from XENON100 augur well for 
its larger successor, XENON1T, in the search 
for dark matter.
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Fig. 1. The working principle of the dual-phase TPC. The 
waveform shows a low-energy event interacting in the XENON100 
target (illustrated by the blue arrow), defi ned by the prompt (light, 
S1) and the secondary (charge, S2) scintillation signals.

Fig. 2. A view inside the XENON100 detector shows the array of 
PMTs below the TPC.  (Image credit: XENON collaboration.)
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it is not always realized that the major part of 
cern’s research programme is carried out 
by Fellows and Visitors. This summer their 
number was about 700 while staff members 
who are theoretical or experimental particle 
physicists numbered about 90. They 
come from 108 universities and research 
institutes in cern Member States and 72 
in non-Member States. Most Visitors are 
“unpaid” (by CERN); fi nancial support 
comes from their parent university.

in view of the importance of Fellows 
and Visitors for the research effort of the 
Laboratory and of universities and research 
institutes in so many countries, a paper was 
prepared which reviewed the evolution of the 
programme since 1960 and made proposals 
for the years up to 1975; it was approved 

by council in June. The proposals imply 
an increase of 30 to 50% in Fellows and 
Visitors from Member States. expenditure 

on Visitors from non-Member States will 
remain at about 1% of the total personnel 
budget each year. 

Also, during the summer months, about a 
hundred university students (not included in 
the fi gure) come to CERN. They participate 
in the day-to-day work of research or 
technical groups and attend a special course 
of lectures. 

 ● Compiled from texts on pp314–315.

Fellows and Visitors
Evolution of (some) CERN personnel 
1960–1970. Participation in electronic 
experiments at the Proton Synchrotron 
explains the recent marked increase in 
unpaid visitors.  

Compiler’s Note 
Anyone queuing 
for lunch at CERN 
these days cannot 
fail to notice the 
preponderance 
of young people. 
Research 
physicists on the 
CERN staff still 
number a modest 
80 or so but 

there are now around 540 fellows, plus some 
400 technical and administrative students and 
“stagiares” (trainees). CERN summer students 
swell the numbers for two or three months in the 
sunny season, 143 from member states and 133 
from non-member states this year.

A most encouraging sign for the future, 
making it worth waiting in line!

C E r N

Multiprogramming on 
PS computer
The present capacity of the iBM 1800 
computer controlling the PS would be 
greatly exceeded when the Booster is brought 
into operation, so a multiprogramming 
job-distribution system has been adopted to 
reduce “dead time” in the central processing 
unit, cPu.    

A computer normally uses two kinds of 
memories. internal memories (core or ferrite) 
are fairly expensive and generally installed in 
quantities that can store only small amounts 
of data. Their advantage is a very short access 
time, of the order of a microsecond. cheaper 
auxiliary memories (disc or tape) are used to 
store large quantities of data; these cannot be 
transmitted as rapidly to the cPu. 

Programs which the cPu needs often must 
be constantly available in “fi xed core” ferrite 
memory. others can be stored on discs and 
transferred, when needed, to reserved parts 
of “variable core” ferrite memory, taking 
from 50 ms to a few seconds.

up to now time-sharing has been used, 
each program being processed in sequence 
according to its allocated priority. A higher 
priority program can interrupt one of lower 
priority, which returns to the disc until the 
higher priority one fi nishes. If a running 
program requires further data and there is 
a long waiting time (a frequent occurrence 
at the PS where data come from several 

° “Unpaid” Visitors
 ∆  Fellows and all paid Visitors
  +  CERN staff (particle physicists)
   •   Paid visitors from non-Member 

States

machine cycles), it is possible to pass on to 
another program. However, this transfer can 
become complex and has not been used. The 
loss of time has been accepted and effective 
cPu time is a small fraction of the total time.    

Multiprogramming uses several distinct 
variable cores. At the PS, there will be 
one for each of the three machine sections 
– linac, booster and synchrotron ring. 
Transition from one to another is very fast 

and it is possible to deal with a part of one 
program, then a second, then a third or a 
fourth, to use up dead time. Effi ciency close 
to 50% should be possible, compared with 
the former rate of about 10%.    

Multiprogramming requires increasing 
the number of “fi xed cores” from 16 to 20 K 
words, and “variable cores” from 8 to 20 K 
words. This will quadruple the capacity for 
only 25% of the cost of the computer. 

 ● Compiled from texts on pp275–276.

C O M P u t i N G

Operating time of the central processing unit 
in a computer. The bottom line shows 
time-sharing, where a program (dark blocks) 
is interrupted by a higher priority one 
(paler). Block (a) represents the time taken 
transferring to the disc store, (b) bringing in 
the higher priority program, (c) calling for 
more data and (d) returning the fi rst 
program. In the top lines, multiprogramming 
illustrates time saving by shuffl ing between 
programs.
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