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In the realm  
of the  
world machine
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CERN near Geneva is the 

world‘s largest and most 

well-known research 

facility for particle 

physics. Its 27 km long 

underground acceler-

ator ring is fully covered 

by a mobile network 

that is monitored by a 

Rohde & Schwarz system.

 
Founded in 1954, CERN is now 
financed and run by its 21 European 
member states. CERN is the world’s 
largest particle physics research facility, 
occupying an area in Switzerland and 
France that covers many square kilome-
ters, although the facility is now consid-
ered to be extraterritorial per UNESCO 
resolution. The most impressive part 
of the facility, however, is hidden about 
100 metersbelowthesurface.That’s
where the Large Hadron Collider (LHC) 
accelerator ring is located. With a cir-
cumferenceofalmost27 kilometers
and enormous detectors, it is consid-
ered to be the largest and most com-
plexmachineintheworld(Figs. 1
and 2).Theissuesthatareexperimen-
tally investigated here touch on fun-
damental questions on how the world 
works (hence the popular image of the 
world machine). CERN researchers 
answered one such question in 2012 
when they were able to prove the Higgs 
boson.Postulated50 yearsago,Higgs
boson is an important building block in 
the standard model for elementary parti-
cle physics. The CERN findings resulted 
in its namesake, the elderly Peter Higgs, 
being awarded a Nobel Prize the follow-
ing year. Other particles are still wait-
ing to be discovered, such as the pre-
dicted supersymmetrical counterparts 

Fig. 1: The ATLAS detector in the Large  Hadron 

Collider, where proton-proton collisions are 

registered. ©
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of known elementary particles. Considered to be a possible 
manifestation of dark matter, these particles are being sought 
by researchers around the world. 

If ever a research institute were destined to bring light into 
the dark corners of fundamental physics, it is CERN. With 
the LHC, CERN expects to achieve previously unattainable 
energy levels of up to 14 tera-electronvolts (TeV, 13 TeV have 
been achieved to date), which corresponds to protons col-
lidingataspeedof99.9999991 %ofthespeedoflight.This
can be expressed even more vividly as an equivalent temper-
atureof1.6 × 1017 K,aninfernothat,basedonthetimescale
proposed by currently accepted cosmological theory, existed 
about one billionth of a second after the Big Bang. 

Overcoming the high relativistic inertia of particles near the 
speedoflightandforcingthemintothe27 kmcircularpath
of the LHC ring (the distance is defined by the tunnel that 
was previously dug for the LHC predecessor LEP) requires 
the strongest electromagnets that can be built using state-of-
the-art technology. Or viewed from the other perspective: The 
energy levels that the accelerator can achieve are determined 
by the strength of the magnets. The magnets must be cooled 
to just above absolute zero, at which point superconductiv-
ity occurs. At CERN, this involves several thousand tons of liq-
uid nitrogen and helium and takes several weeks, starting at 
room temperature. Magnets cooled in this manner conduct 
currentsofupto12000 A.Highenergyandcryogenictemper-
ature – this is a combination that practically screams danger. A 
general alarm is triggered if anything goes wrong. Accessibility, 
and therefore mobile communications, is critical to safety in 
the ring. Everyday work is made easier when the many scien-
tific and engineering employees have access to state-of-the-art 

communications equipment wherever they are in the huge 
facility. This is why CERN maintains multiple communications 
systems. Most recently, the older TETRA/TETRAPOL trunked 
radio network was enhanced with a modern 2G/3G/4G sys-
tem installed by the Swiss network provider Swisscom. Sev-
eral above-ground base stations, dozens of RF access points 
and60 kmofleakyfeedersthroughoutthetunnelsandcav-
erns ensure full coverage, connecting CERN employees with 
each other and with the outside world. But no infrastructure is 
immune to malfunctions, which is why round-the-clock mon-
itoring of the network status is a priority at CERN. And CERN 
would not be CERN if it outsourced the technical details. It pre-
fers to monitor network performance and uncover areas need-
ing improvement itself. An international tender for the monitor-
ing equipment was issued – and awarded to Rohde & Schwarz.

QualiPoc Remote Control solves  
the monitoring problem
The core of the monitoring system is the QualiPoc Remote 
Control probe from Rohde & Schwarz subsidiary SwissQual 
(Fig. 3).Thesmallboxcontainsacommerciallyavailable,soft-
ware-modified smartphone that regularly checks the trans-
mission quality of voice, data, video streams and messag-
ing based on dozens of performance criteria and stores com-
prehensive quality data records. These records are sent via 
SMS or FTP to the CERN monitoring center, where an oper-
ator uses the NetQual suite from SwissQual to process and 
analyzethedata(Fig. 4).Thecenteralsoremotelymanages
the probes and keeps the software up to date. Full monitor-
ing coverage is ensured by 60 sensors distributed through-
out CERN. The system is designed for maintenance-free, 
24/7 continuousoperation.Theprobesarecurrentbuffered
and restart automatically to resolve any blockages. 

Fig. 2: Either protons or lead ions run through 

the LHC ring. Their collisions are triggered and 

recorded by different detectors.

©
 C

E
R

N
 / 

M
ax

im
ili

en
 B

ric
e

Wireless technologies | Reference



Layout of the CERN mobile network monitoring system
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The use of commercially available smartphones as T&M sen-
sors has several advantages. The quality of mobile networks 
is increasingly analyzed based on the user’s subjective quality 
of experience (QoE) with the various applications and services 
(quality of service, QoS) (see article on page 16). Because this 
experience is gained using standard mobile devices, it makes 
sense to use these same devices for testing and use the data 
available in the device to objectivize the user experience. 
Smartphones are also cost-efficient and always come with 
the very latest innovations available on the market. Should the 
CERN network need new features or even a 5G upgrade, ser-
vice technicians can replace the test phones in the QualiPoc 
probes with the latest model and update the test software – 
a standard part of product sustaining engineering. In other 
words, CERN does not have to worry about keeping up with 
mobile communications technology. 

Volker Bach

For research, CERN will also use oscilloscopes from Rohde & Schwarz 
in the future (see page 62).

Fig. 4: The QualiPoc system both monitors the CERN mobile network and uses it to transmit its readings and remote maintenance commands.

Fig. 3: The compact 

QualiPoc Remote 

Control probes from 

SwissQual can be 

placed anywhere that 

mobile networks need 

to be monitored. Only 

a power connection is 

required.
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