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Abstract 

  
The grounding, shielding and cooling issues are important 

factors in the design, the operation and the maintenance of all 
the electronics systems. Noise sources in High Energy Physics 
Experiments are specially taken into account. Inadequate 
grounding, shielding or cooling leads to unreliable operation 
of the particle detectors because most of them work with very 
low signal levels. After a brief review of the major 
environmental constraints, this paper provides an overview on 
the LHCb strategy and achievements in the field of the 
grounding, shielding and cooling for its electronics equipment 
at the LHC pit 8 

 

I. INTRODUCTION 
The LHCb detector is designed to search for New Physics 

through the study of the CP violation in the B decays with the 
precise determination of the CKM parameters at the LHC 
collider [1]. The installation of the experiment started in 2002 
was completed, except the muon station 1, in June 2008. The 
global commissioning is progressing well and the experiment 
is ready for data taking from August as scheduled. The 
experimental cavern (ex-DELPHI at LEP), 100 m 
underground at pit 8 is divided in two main areas. The layout 
of the experimental area (UX85 cavern) is shown in Figure1.  

 
Figure 1 : Top view of the LHCb experimental cavern 
 
The detector area (UXB) is separated from the protected 

area (UXA) by a large radiation shielding wall [2] [3] of 3200 
tons of concrete [4] [5]. The UXA area is essentially 
dedicated to the non-radiation tolerant electronics, such as the 
DAQ interface electronics and the PC farm of about 2000 
computing nodes in its final configuration. The UXA area is 
always accessible when the LHC operates. The specification 

of the best compromise for the location of the electronics and 
the cabling lengths [6] was a real challenge at the LHC pit 8. 

  

II. ENVIRONMENTAL CONSTRAINTS 
The various locations of the LHCb electronics are 

schematically shown in Figure 1 (areas noted 1,2,3,4 & 5). 
The ECS crates nearby the sub-detectors are located at the 
balcony (VELO), at the “bunker” (OT, IT, RICHs, M1), at the 
top the calorimeters and inside the muon towers. These places 
were specified as the best compromise for LHCb. But, the 
large radiation shielding wall is a real barrier for all services 
(power, readout, control) which have to pass across via 
narrow chicanes in order to reach the protected area (UXA). 
The temperature and humidity in the UX85 cavern (UXA & 
UXB areas) are rather stable parameters, 20 ⁰C (+/- 1.5 ⁰C), 
45 % respectively. However, on the detector side, there is two 
major constraints, magnetic field and radiation.  

  A.    Magnetic Field 
 The magnetic field generated by the large dipole magnet 

(3.6 Tm, 4.5 MVA, 6.6 kA, 1800 t) was simulated using VF 
OPERA-3d code [7]. The top view of the magnetic field map 
around the LHCb detector in the plan of the LHC beams is 
shown in figure 2. The electronics which were specified to be 
placed closest to the sub-detectors are located in areas below 
5 mT in order to avoid the potential problems such as air 
cooling fans in the racks.  
 

 
Figure 2:  Magnetic field map in the LHC beam plane 
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B. Radiation  
      Radiation simulations using FLUKA code were 
performed [8] [9] for the large shielding wall. The 
ambient-dose-equivalent studies were essentially achieved 
for two cases: a) an accident scenario which consists of the 
full beam-loss, one proton beam at 7 TeV/c at the worst 
location of the LHCb Spectrometer and b) normal 
operation.. The minimum shielding requirements for the 
concrete wall were specified to 3 m thick for the lower 
part and 2 m thick for the upper part of the wall protecting 
the counting house. The worst locations (7.2 mSv in the 
case of the beam-loss scenario) are just behind the 
chicanes dedicated to the cabling and services at the level 
of the second floor of the counting house. A radiation map 
in the vertical plan at the centre of the cavern is shown in 
Figure 3. The average value for the front part of the 
counting is about 4 mSv. For the normal operation the 
average value is about 5.6 10 -2 µSv only. In fact, for the 
modular construction using an assembly of CERN 
standard concrete blocks (2400x1600x800 mm3; 7.5 t), the 
thickness of the concrete wall is about 3.2 m up to 4 m for 
the lower part and 2.4 m for the upper part providing the 
radiation protection expected. The holes such as the 
chicanes devoted  to the long distance cabling and services 
are permanently supervised using six radiation monitors 
type IG5-H2O hydrogen filled ionization chambers.  

 
Figure 3 : Radiation map showing the counting house area protected 
against radiation in the case of the beam-loss scenario (one beam at 7 

TeV/c). Limits (4.7 x 10 14 protons) : blue arrow = 20 mSv; red 
arrow = 50 mSv).   

 
Detailed radiation studies around the LHCb detector 

(UXB) were also performed [10] in order to estimate the total 
dose reached after 10 years of the LHC operation. The 
calculated total doses (1 MeV neutron equivalent, high energy 
hadrons .> 20 MeV; and for 10 years assuming average 
L=2.1032 cm-2s-1, σ inel + diff = 80 mbarn, 1.6 x 107 interaction s-1 
, 107 seconds) reach in average of about 4 to 5 Gy for the 
areas where the LHCb electronics are located. 

III. GROUNDING 
The first purpose of the grounding is safety. But in 

addition, in order to reduce the impedances between the sub-
detectors and the counting house (80-100 m far away), a high 
mesh earth network connecting all the metallic structures and 
all the electrical equipments is adopted for LHCb [11]. The 
safety earth cable interconnects all the metallic structures and 
the electrical equipments to the secondary star points of the 
main transformers and to the earth cables running both sides 
the UX85 cavern. The safety earth cables are also connected 
to the underground LHC machine earth with a connection to 
the surface where earth electrodes in the ground are available.  

In order to increase the high meshed grounding network, 
all metallic structures such as cranes, rails, supports, platforms 
are interconnected both sides of the cavern. in the UXA and 
the UXB areas at various locations. In addition, a grounding 
cable (120 mm 2) is installed every 4 cable trays along the 
walls of the UX85. The cable trays are connected to this 
additional grounding cable every 5 meters. 

At the 3 levels of the counting house (UXA zone), the 
beams supporting racks are interconnected to the copper 
grounding bars and the cooling pipelines. The copper ground 
bars interconnect all the electronics racks. The ground 
structure in the counting house is connected to the general 
grounding network in the cavern via the ground conductors, 
metallic structures and cable trays [12]. 

   

IV. SHIELDING 
The shielding of electronic components is needed in order 

to get maximum immunity against external electromagnetic 
fields.  In fact, there are three basic reasons for using shields: 
against capacitive coupling, against inductive coupling and 
radio-frequency (RF) environment. 

The usual way to stop the capacitive coupling is to enclose 
the circuits or conductors to be protected in a metal shielding 
box (Faraday shield).  

The physical mechanism of the inductive coupling is 
magnetic flux lines from external interference sources, via 
current loops in the victim circuit, which generates a low 
voltage component (Lenz’ law). The potential sources in the 
UX85 area are the dipole magnet, transformers, power supply 
lines, electric motors and coils for the light tubes. A ground 
cable is placed inside every cable tray in order to minimize 
the pickup loop between the cable shields and the ground. 

Changing electrical and magnetic fields may also generate 
RF interference problems. All signal wires are potential 
antennas for the reception and/or the transmission of RF 
noise. The general idea behind RF shielding is that varying 
fields induce currents into the shielding material. The induced 
currents dissipate heat from resistive losses or are re-radiated 
as RF reflections. The efficiency of a RF shielding is strongly 
dependent on the frequency, permeability and conductivity of 
the material used [6]. 
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V. COOLING 
All the racks located in the counting are directly cooled 

with mixed water (17⁰C. The muon, calorimeter electronic 
racks, IT & TT services boxes are also cooled with mixed 
water. The IT, TT, RICHs, VELO and OT have their own 
cooling system using specific coolants such as C6F14. These 
cooling units are installed in the accessible area (UXA). The 
specific coolants are supplied to the sub-detectors via transfer 
lines. 

 
As an example the LHCb electronic racks located under 

the “bunker” is shown Figure 4. 
  

 
Figure 4:  Electronics under the “bunker” 

 

VI. CONCLUDING  REMARKS 
The sub-detectors are controlled by the Detector Control 

System (DCS). In addition, in case of the DCS failures the 
Detector Safety System (DSS) prevents all possible damages 
of the equipment [14]. The DSS, based on redundant PLC, is 
a robust and reliable system, permanently working including 
when the power and/or network cuts occurred.  Suitable 
sensors for all the sub-detectors and associated infrastructure 
are installed in order to protect the whole equipment and in 
particular electronics by switching off electric power.  The 
DSS assures the following tasks [15]: 

- Protection of the front-end-electronics (FEE) by 
measuring temperature (nearby voltage regulators) 
and  action using thermo-switches. 

- Supervision of the various cooling systems (e.g. 
measures of temperature and flux of mixed water 
for the MARATHON power supplies). 

- Protection of the crates inside the racks by 
measuring the temperature and detecting smoke 
from the ventilation air. 

- Triggering an extinguishing CO2 system for rapidly 
fighting fire in the racks. 

- Protection against water leaks (e.g. water leak 
sensors dedicated to the Trigger Tracker (TT) 
services boxes. 

-  Switching off the high voltages in case gas 
problems in the sub-detectors (e.g. muon 
chambers). 

DSS checks also the temperature, the humidity of the 
ambient air of the cavern, the counting house and the gas 
room, in order to avoid possible problems with the air 
conditioning units. In addition, the system provides 
information about the presence of smokes everywhere in 
the cavern through the independent fire detection system 
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