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This paper aims at providing a brief introduction to the motivations for a lumi-
nosity upgrade of the LHC and its implications on the ATLAS tracker. It will also
survey the R&D efforts that have started world-wide to cope with the technologi-
cal challenges needed by the new detector concept and, in particular, the activities
that will be carried out at IFIC and CNM-IMB.

1 Introduction

The CERN Large Hadron Collider (LHC)1 plans to start with a luminosity of
1033 cm−2s−1 and slowly ramp up to 1034 cm−2s−1 during the first 3 years
of operation. After that, it will run at the nominal luminosity for the next 7
years, providing 100fb−1/year.

However, a more recent machine scenario shows the luminosity ramping
up from 1034cm−2s−1 up to a maximum of 2.3×1034cm−2s−1. Under this sce-
nario, the LHC IR quadrupole magnets would reach their radiation hardness
limit of about 700fb−1 much earlier, and will require replacement. On the
other hand, the statistical error halving time will exceed 8 years by the time
those components would need to be replaced. The question arises whether it
is reasonable to plan a machine luminosity upgrade based on new low-β IR
magnets that would increase the luminosity by up to an order of magnitude.

Over the last three years an upgrade of the LHC, the Super-LHC
(SLHC)2, towards higher luminosities (1035cm−2s−1) has been discussed as
an extension of the LHC physics program. Such an upgrade will extend the
LHC mass reach and require challenging improvements in the detectors. Given
that it usually takes about 10 years to develop a new detector from concept
to switch-on, the planning has started for an upgrade to be ready for data
taking in the 2015 time scale. In preparation for this, the RD50 collabora-
tion at CERN was formed in 2002 and is providing guidelines to the detector
technologies, which may be employed at the anticipated high radiation levels.

2 Physics motivations

The LHC will be the first accelerator to operate well above the energy regime
of electroweak symmetry breaking. Therefore data from the LHC detectors



(a) (b)

Figure 1. (a) Expected integrated luminosity, including both LHC and SLHC starting by
2015, as a function of time, showing the attainable mass reach in each of the periods. (b)
Particle fluences as a function of the radius in the tracker region for different values of the
Z coordinate. Also shown here are the three regions that can be distinguished according to
the expected radiation doses.

will revolutionise our understanding of high energy physics by probing what-
ever mechanism nature has chosen to generate the masses of fundamental par-
ticles. Many other discoveries are possible, amongst them super-symmetry,
extra spatial dimensions, etc.

The LHC will be at the energy frontier throughout the next decade, with
the unique ability to pair-produce new particles with masses above 0.5 TeV.
This gives the LHC experiments a wide program to extensively test a large
number of scenarios. In many of them, an increase of luminosity very often
equates to an effective rise in collision energy for a number of the very highest
energy processes. Examples of particles whose masses in many models are
expected to be too high for direct production at the ILC or the LHC are
the SUSY partners of strongly interacting particles, the squarks and gluinos.
The impact of a factor 10 increase in integrated luminosity would extend the
discovery mass reach over that at the LHC by a further 500 GeV. Fig. 1a shows
the LHC+SLHC luminosity profile and a number of processes that could be
reached for a given integrated luminosity.

3 R&D for an ATLAS Inner Detector Upgrade

IFIC and CNM-IMB main efforts will focus on the R&D needed to develop
a tracking system capable of dealing with an instantaneous luminosity of
1035cm−2s−1 and between 5 and 10 years of further operation. The nec-



essary technologies will be even more challenging than those for the current
ATLAS3 silicon tracker (SCT). This section will describe the main activities
planned by the the institutes.

An all-silicon tracker, with about 200 m2 of sensors, is being investigated
for ATLAS. The replacement tracker would need challenging new designs for
the demanding requirements in terms of technology, radiation hardness, gran-
ularity, services and, also, available space to cope with the factor 10 higher
radiation doses and the corresponding increase of the track occupancies that
would rise from the 20 events per crossing at the LHC becoming 200 at the
SLHC.

3.1 Readout Electronics

The main challenges to be addressed by the readout electronics in order to
maintain the current performance are radiation hardness, increased number
of readout channels, power consumption, the volume of the required services
and, depending upon the scheme chosen to achieve the luminosity increase,
running at different bunch crossing periods. Current state-of-the-art tech-
nologies are being investigated. Preliminary results have shown that Deep
Sub-micron (DSM) CMOS, below 0.13µm, are able to sustain very high ra-
diation levels. However, additional work is needed to demonstrate that the
analogue performance will meet the stringent requirements needed in this
environment.

A very promising alternative is the SiGe BiCMOS technology that may
produce faster devices with higher gain and lower power consumption. Ra-
diation hardness is an issue under study on this technology as well as the
characterization of its analogue performance.

3.2 Silicon Sensors

As mentioned already the factor 10 increase of luminosity translates into an
increase of particle fluences that will further augment the challenges on the
detector performance and design. In particular, in order to maintain the same
occupancy and track separation capabilities, the sensing elements –pixels and
strips– will need to reduce the area by a factor 5 at the same radius. An all-
silicon concept is being investigated for the SLHC ATLAS inner detector in
which three regions can be defined according to the radiation level as shown
in Fig. 1b.

Pixel sensors will be placed at radii below 20cm, short strip silicon sensors
at intermediate radii and long strip sensors at the outer layers of the inner
detector as shown in Fig. 1b. Current technologies could well serve for the



Figure 2. Left top picture shows the difference in concept between silicon strip and 3D
sensors. Left bottom show a p–type, 3 cm long silicon strip sensors manufactured by CNM-
IMB. The picture at the right shows a 3D sensor also manufactured by CNM-IMB.

latter, while the pixels and the short strip sensors will certainly require new
concepts.

Conventional silicon strip sensors will not be able to operate fully de-
pleted given the expected SLHC irradiation doses. However, silicon p–type
substrates with n–strips can work as the undepleted region is semi-insulating
after heavy irradiation and very promising results have already been shown5,6.
Trapping will be the dominant effect on sensor performance and, therefore,
one should optimize for charge collection efficiency and not for depletion volt-
age as was the case in LHC. Also, high currents threaten stable operation
due to thermal runaway and that will require robust cooling, since sensors
will need to operate at less than -20oC, in the system to reduce currents and
remove heat.

For the innermost region, where pixels are envisaged, new technologies
are being explored, like silicon 3D sensors. In those sensors the electrodes
go through the silicon substrate instead of along the detector as is the case
with strip sensors. This will considerably reduce charge collecting times and,
therefore, the effect of trapping. Fig. 2 shows the difference in concept between
silicon strip sensors and 3D sensors.

3.3 The module concept

Given the constrains on space available for the sensors, their support and ser-
vices, the concept being developed is that of a super-module, self-contained
in terms of services and suitable for use in the extreme radiation and detec-
tor occupancy environment of the post 2015-LHC. As well as the increased
radiation levels, the much greater number of channels would add further to
the challenges in designing adequate services and read-out. Integrated cooling
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Figure 3. A possible implementation of a super module for the silicon strip sensors in the
ATLAS SLHC tracker. It consists of a 9 cm wide, 140 cm long stave. Each sensor is 9×9 cm
with 3 sections of 3 cm long strips.

would be required as part of the super-module to handle the lower temper-
atures now needed for radiation survival, coupled with increased electronics
channel density and higher power dissipation in the irradiated detectors. A
light structure, easy to integrate will have to be designed to house the sensors,
readout electronics, power distribution and cooling. Fig. 3 shows a possible
implementation7.
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