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For use at the future Super-LHC a new type of muon detector has been developed. It is based on the proven

MDT drift tube design, but with tubes of half the diameter, leading to higher rate capabilities by an order of

magnitude. We present test results on efficiency and position resolution at high background rates and describe

the practical implementation in a real-size prototype.

1. Upgrade of the LHC towards higher Lu-

minosities

The design luminosity of the LHC of
1034 cm−2s−1 is expected to be reached after a
few years of data taking at lower luminosity. The
integrated luminosity after 10 years of operation
is expected to be about ∼ 300 fb−1. With a se-
ries of upgrades of the CERN accelerator com-
plex an increase by an order of magnitude could
be achieved, leading to an integrated luminos-
ity of up to 3000 fb−1 after 10 years of addi-
tional running (Super-LHC or SLHC). To help
the LHC detectors to cope with this luminosity
increase, a new operation mode of the machine
is foreseen (”luminosity levelling”), providing a
peak luminosity at the beginning of the fill of only
4 × 1034 cm−2s−1, yet yielding a 10 times higher
integrated luminosity over the fill.

While this reduction of the peak relative to the
integrated luminosity by a factor of 2.5 represents
a substantial alleviation for the operation of the
ATLAS detector, the factor 4 increase relative to
the original design value still calls for a major
upgrade effort for all subsystems of the ATLAS
detector.

At luminosities far beyond the design value the
MDT drift tube chambers will face the challenge
to maintain excellent tracking efficiency in the
presence of high background hit rates, due to

gamma conversions. In this article we present a
R&D project for the upgrade of the muon track-
ing system to cope with high background rates,
expected at the SLHC.

2. Tracking with in high–background envi-

ronment

The outer region of the ATLAS detector, where
the muon chambers are located, receives high
rates of low-energy neutrons, mainly due to
shower leakage from calorimeters and shielding
structures in the high-η region. At the nominal
luminosity, gammas from neutron capture and re-
lated conversion electrons are expected to gen-
erate hit rates in the range 50–300 kHz in each
MDT tube. A conversion electron may create an
inefficiency if the signal arrives before the muon
signal. The muon detection efficiency thus be-
comes exp(-τ×f) ≈ 1-τ×f, where τ is the average
drift time in the MDT tubes and f the hit rate
due to gamma conversions.

At high rates of n/γ background, the efficiency
may be further reduced by a decrease of the gas
amplification due to space charge from slowly
drifting positive ions in the tubes, while the fluc-

tuations of the space charge tend to degrade the
spatial resolution by up to about 20 % at the
highest rates.

The effects of gamma conversions in the MDT
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tubes have been studied in detail using a muon
beam in the presence of intense γ-irradiation of
up to 500Hz/cm2 (i.e. ∼300 kHz/tube), as deliv-
ered by the Gamma Irradiation Facility at CERN
(GIF) [1]. While the γ-rates at the GIF corre-
spond to only about 30 % of the background lev-
els expected for the hottest regions at the SLHC,
the results of these measurements already allow
to define the baseline of a chamber design with
much improved tracking capability: MDT drift
tubes with only half the tube diameter offer a
reduction of the drift time by a factor 3.5, due
to the non-linear relation between track distance
from the central wire and drift time (r-t relation)
and in addition by a factor 2 from the exposed
area, thus yielding a factor 7 in the reduction
of the hit rate due to n/γ background. More-
over, up to two times more tube layers can be
accommodated in the available space, leading to
improved track finding efficiency and position res-
olution (see Fig. 1).

Figure 1. The tracking quality in 30 mm and
15 mm drift tubes in a region of high n/γ back-
ground. The occupancies from background hits
(red dots) are 50% in the 30 mm tubes but only
7% in the 15 mm tubes due to shorter drift time
and smaller area.

The reduction of the tube diameter of the MDT
tubes allows to maintain the main advantages of
the drift tube concept: (a) independence of the
position resolution from the angle of incidence
onto the chamber plane (contrary to drift cham-

bers with rectangular drift geometry) (b) opera-
tional independance of each tube, where any mal-
function of a tube can only generate a negligible
inefficiency (c) modularity of chamber construc-
tion.

Figure 2. Efficiency vs. hit rate per tube for 30
mm and 15 mm drift tubes.

To verify the performance of 15 mm (”small”)
tubes a number of tests was executed, using cos-
mic muon tracks. A pair of 30 mm (”large”) drift
tube chambers was used as reference, defining the
position of the muon track, while a layer of small
tubes was the device under test. Tubes along the
track are called ’efficient’ when the hit is detected
inside a 3σ road, as defined by the reference tubes.

This measurement was done in the presence of
adjustable levels of gamma background due to the
GIF facility at CERN. Fig. 2 shows the efficiency
of small and large tubes vs. hit rate from gamma
conversions. As expected, small tubes provide
a much better performance at high background
rates. The efficiency at rate zero deviates from
100 % due to tracks passing across or close to the
tube walls and due to δ-electrons shifting the hit
position outside the 3σ acceptance road. The av-
erage position resolution in the small tubes was
about 120 µm. Due to the short drift compared to
large tubes, this value showed little dependence
on the background rate.
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3. Technical Implementation

Going from large to small tubes as construc-
tion elements for MDT chambers poses a number
of technical challenges, as the higher tube density
requires more refined electrical and gas connec-
tions on the same available service area. A par-
ticular problem is the supply of the tubes with
the operating voltage of 2730 V, requiring isola-
tion distances which cannot be realized on the
area available for the readout boards. The inte-
gration of the HV decoupling capacitors into the
end-plugs of the tubes was therefore a central re-
quirement for the tube design. In a similar way,
gas supplies had to be simplified to facilitate the
integration of the tubes.

Figure 3. Structure of a small drift tube with gas
connection and decoupling capacitor in the lon-
gitudinal direction (green zylinder). The plastic
parts are injection moulded.

Fig. 3 shows the tube design, HV capacitor and
gas distribution being integrated into the struc-
ture of the end-plug.

The integration of tubes into chambers is
achieved by bonding tubes layer by layer with
epoxy glue. In production tests, tubes were fixed
in precision supports (”combs”) during curing,
and the target accuracy of 20 µm was obtained.
A module with 8 tube layers was glued in a time
span of a few hours. With curing overnight, the
assembly of a module took only one day.

Presently, a full prototype of a MDT chamber
in small tube technology is under construction. It

consists of 2×8 tube layers and is designed to fit
into the inner part of the muon detector in the
very forward direction, where rates are highest
(Fig. 4). This prototype will be available for tests
at the GIF facility by fall 2010. The readout will
be achieved with available electronics for the large
tube chambers, specially adapted for use with the
new chamber geometry.

Figure 4. The small tube prototype chamber af-
ter assembly, consisting of two modules of 8 tube
layers, 72 tubes per layer and 1152 tubes in total.
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