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LHC experiment 
milestones 

This month we publish the first 
two in a series of articles which 
mark the publication of full 
Technical Proposals for experi
ments at CERN's LHC proton-
proton collider. LHC physics will 
be covered by two major experi
ments, ATLAS and CMS, fo
cused primarily on LHC's proton 
beams. The ATLAS and CMS 
Technical Proposals were pre
sented to the LHC Committee 
earlier this year. 
A third major detector, ALICE, 
will study the physics of LHC's 
heavy ions beams. These are 
among the largest experiments 
ever proposed in high energy 
physics. In addition, LHCB will 
look at particles containing the 
fifth 'beauty' quark, and several 
other studies will look at addi
tional aspects of LHC physics. As 
well as sheer scale, these LHC 
experiments have to confront the 
challenges of very high collision 
rates, in particular the concomi
tant problems of radiation resist
ance and data collection (April/ 
May, page 3). 

Full calorimetry inside a solenoid - schematic 
of the CMS detector for CERN's LHC proton-
proton collider. 

The milestone workshops on LHC 
experiments in Aachen in 1990 

and at Evian in 1992 provided the 
first sketches of how LHC detectors 
might look. The concept of a compact 
general-purpose LHC experiment 
based on a solenoid to provide the 
magnetic field was first discussed at 
Aachen, and the formal Expression 
of Interest was aired at Evian. It was 
here that the Compact Muon Sole
noid (CMS) name first became 
public. 

Optimizing first the muon detection 
system is a natural starting point for a 
high luminosity (interaction rate) 
proton-proton collider experiment. 
The compact CMS design called for 
a strong magnetic field, of some 4 
Tesla, using a superconducting 
solenoid, originally about 14 metres 
long and 6 metres bore. (By LHC 
standards, this warrants the adjective 
'compact'.) 

The main design goals of CMS are: 
1 - a very good muon system 

providing many possibilities for 

momentum measurement (physicists 
call this a 'highly redundant' system); 

2 - the best possible electromag
netic calorimeter consistent with the 
above; 

3 - high quality central tracking to 
achieve both the above; and 

4 - an affordable detector. 
Overall, CMS aims to detect cleanly 

the diverse signatures of new physics 
by identifying and precisely measur
ing muons, electrons and photons 
over a large energy range at very 
high collision rates, while also ex
ploiting the lower luminosity initial 
running. As well as proton-proton 
collisions, CMS will also be able to 
look at the muons emerging from 
LHC heavy ion beam collisions. 

History 

The Evian CMS conceptual design 
foresaw the full calorimetry inside the 
solenoid, with emphasis on precision 
electromagnetic calorimetry for 
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Lead tungstate (PbWOJ crystals will be used 
for electromagnetic calorimetry in the CMS 
experiment. Its absorption properties are such 
that required volume (approx. 12.5 m3) is only 
half that for other crystals leading to a 
substantial reduction in cost. In addition lead 
tungstate is a relatively easy crystal to grow 
from readily available raw materials and 
significant production capacity already exists. 

picking up photons. (A light Higgs 
particle will probably be seen via its 
decay into photon pairs.) The muon 
system now foresaw four stations. 
Inner tracking would use silicon 
microstrips and microstrip gas 
chambers, with over 10 7 channels 
offering high track finding efficiency. 
In the central CMS barrel, the track
ing elements are mounted on spirals, 
providing space for cabling and 
cooling. 

Following Evian, a Letter of Intent 
signed by 443 scientists from 62 
institutes was presented to the then 
new LHC Experiments Committee. 
Two electromagnetic calorimetry 
routes were proposed, a preferred 
one based on homogeneous media, 
and the other on a less expensive 
sampling solution using a lead/ 
scintillator sandwich read out by 
wavelength-shifting fibres, named 
shashlik. 

Due to limited resources in the 
collaboration at the time the shashlik 
solution was adopted as baseline. 
However R & D continued on cerium 
fluoride (CeF3) and two other candi

date media, lead tungstate crystals 
(PbW0 4 ) and hafnium fluoride 
glasses. The collaboration had 
doubled in size by the summer of 
1994 and in September of that year 
lead tungstate was chosen after 
extensive beam tests of matrices of 
shashlik, cerium fluoride and 
tungstate towers. The radiation 
length of PbW0 4 is only 0.9 cm and 
the required volume (approx. 12.5 
m3) is only half that for CeF 3 leading 
to a substantial reduction in cost. In 
addition lead tungstate is a relatively 
easy crystal to grow from readily 
available raw materials and signifi
cant production capacity already 
exists. 

Following the November 1993 
decision to foreclose the SSC 
project, US physicists were looking 
for new possibilities and many 
knocked at the CMS door. A letter of 
intent submitted to the US Depart
ment of Energy in September 1994 
covered a 270-strong US contingent 
in CMS, where the main responsibility 
would be for the endcap muon system 
and barrel hadronic calorimeter. 

Meanwhile interest continued to 
grow, so that CMS now involves 
some 1250 scientists from 132 
institutions in 28 countries. Some 600 
scientists, from 60 research insti
tutes, are from CERN Member 
States, the remainder, from 72 
institutes, hail from further afield. 
Some three hundred of these scien
tists are from 37 institutes in the US, 
and 250 from 25 research institutes 
in Russia and Member States of the 
international Joint Institute for Nu
clear Research, Dubna, near Mos
cow. 

Detector overview 

The choice of magnet was the 
starting point for the whole CMS 
design. Although the solenoid has 
been cut from 14 to 13 m in length, 
its radius (2.95m) and magnetic field 
(4T) remain unaltered. This long and 
high field solenoid removes the need 
for additional forward magnets for 
muon coverage, while accommodat
ing easily the tracking and calo
rimetry. 

The 12-sided structure, designed at 
CERN, is subdivided along the beam 
axis into five rings, each some 2.6 
metres long, with the central one 
supporting the inner superconducting 
coil. End caps complete the magnetic 
volume. The coil itself, designed at 
Saclay, is split into four sections, 
each 6.8 metres in diameter, the 
maximum girth compatible with 
transport by road. The conductor is a 
40-strand niobium-titanium enclosed 
in an aluminium stabilizer. With 
900W of cooling power at 4.5K and 
3400W at 60K, cooldown will take 32 
days. 

In order to deal with high track 
multiplicities in the inner tracking 
cavity, detectors with small cell sizes 
are needed. Solid-state and gas 
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You Do Have a Choice 

With Vaclon Phis Pumps 
Vaclon PZus ion pumps are 
available with Diode, Noble Diode, 
Triode, and StarCell pumping 
elements, each optimized to pump 
specific gases. You can choose the 
pumping element that meets the 
requirements of your specific 
application. 

Vaclon Plus pumps satisfy even the 
most rigorous UHV requirements, 
and are the most compact ion 

pumps in each speed range. 
Vaclon Plus controllers include the 
MultiVac, which can power and 
monitor any two ion pumps 
simultaneously and independently, 
and the Mini Vac, designed to cost-
effectively power any ion pump. 
Whatever your ion pumping needs, 
Vaclon Plus pumps and controllers 
offer the complete solution. 

For more information 
please contact: 

Varian SpA (European HQ) 
Tel: (39) 11 - 9979 - 111 
Fax: (39) 11 - 9979 - 350 

Varian S.A. (France) 
Tel: (1) 69 86 38 38 
Fax: (1) 69 28 23 08 

Varian GmbH (Germany) 
Tel: (040) 6696033+34 
Fax: (040) 6682282 

Varian Ltd (UK) 
Tel: (1932) 898 000 
Fax: (1932) 228 769 

varian® 
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microstrip detectors provide the 
required granularity and precision. 
Two layers of pixel detectors have 
been added to improve the measure
ment of the track impact parameter 
and secondary vertices. The silicon 
pixel and microstrip detectors will be 
kept at 0° to slow down damage by 
irradiation. High track finding 
efficiencies are achieved for isolated 
high transverse momentum tracks. It 
is also fairly high for such tracks in 
jets. All high transverse momentum 
tracks produced in the central region 
are reconstructed with high momen
tum precision (5 per mil), a direct 
consequence of the high magnetic 
field. The responsibility for the inner 
tracker extends to institutes in Bel
gium, Finland, France, Germany, 
Greece, India, Italy, Switzerland, UK, 
US and CERN. 

Centrally produced muons are 
identified and measured in four muon 
stations inserted in the magnet return 
yoke. The chambers are judiciously 
arranged to maximize the geometric 
acceptance. Each muon station 
consists of twelve planes of alu
minium drift tubes designed to give a 
muon vector in space, with 100 
micron precision in position and 
better than 1 mrad in direction. 

The four muon stations also include 
resistive plate chamber triggering 
planes that identify the bunch cross
ing and enable a cut on the muon 
transverse momentum at the first 
trigger level. The endcap muon 
system also consists of four muon 
stations. Each station consists of six 
planes of Cathode Strip Chambers. 
The final muon stations come after a 
substantial amount of absorber so 
that only muons can reach them. 
The large bending power is the key 
to very good momentum resolution 
even in the so called "stand alone" 
mode, especially at high transverse 
momenta. The muon system team 

includes scientists from Austria, 
China, Germany, Hungary, Italy, 
Poland and Spain with large contin
gents from the US and Dubna 
Member States. 

As the coil radius is large enough to 
install essentially all the calorimetry 
inside, a high precision electromag
netic calorimeter can be envisaged. 
The lead tungstate (PbW04) crystal 
calorimeter leads to a di-photon 
mass resolution twice as good as 
that anticipated from the shashlik. 

The electromagnetic calorimeter 
groups scientists with large experi
ence of total absorption calorimeters 
from China, Dubna Member States, 
France, Italy, Germany, Switzerland, 
UK, US and CERN. 

The hadron calorimeter, benefiting 
from US involvement, will use inter
leaved copper plates and plastic 
scintillator tiles read out by wave
length-shifting fibres. As well as the 
US, the CMS hadron calorimetry 
squad includes institutes from China, 
Hungary, India, Spain and Dubna 
Member States. 

For LHC's design luminosity of 
10 3 4 crrr 2s- 1, CMS will have to digest 
20 highly complex collisions every 
25 nanoseconds. This input rate of 
10 9 interactions per second has to be 
reduced to just 100 for off-line analy
sis. This will be accomplished by a 
two-level trigger. The first level 
trigger uses pipelined information 
from the muon detectors and the 
calorimeters to reach a decision after 
a fixed time period of 3 microsec
onds. The data from a maximum of 
10 5 interactions per second, from the 
muon detectors and the calorimeters 
only, is forwarded to an online 
processor farm. This "virtual" Level 2 
uses the full granularity to reject 
almost 90% of the events. The entire 
data from the remaining events is 
then passed to the farm for further 

processing. The trigger and data 
acquisition systems are the responsi
bility of a team from Austria, Finland, 
France, Germany, Hungary, Italy, 
Portugal, Poland, Dubna Member 
States, Spain, Switzerland, UK, US 
and CERN. Software and computing, 
for monitoring and control as well as 
data handling and analysis, will take 
on a new dimension at the LHC. 

Like its LHC counterparts, CMS 
defines a new scale in world-wide 
physics collaboration. The total cost 
of the detector is 459 million Swiss 
francs, the magnet being the largest 
single item (25%). If everything goes 
according to plan for the LHC ma
chine itself, CMS should be seeing its 
first collisions in 2004. 
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