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ABSTRACT: The ATLAS SemiConductor Tracker (SCT) was built in three sections. a barrel and
two end-caps. This paper describes the design, construction and na integration of the barrel

section. The barrel is constructed around four nested cylinders that provide a stable and accurate
support structure for the 2112 silicon modules and their associated services. The emphasis of this
paper is directed at the aspects of engineering design that turned a concept into a fully-functioning
detector, aswell as the integration and testing of large sub-sections of the nal SCT barrel detector.

The paper follows the chronology of the construction. The main steps of the assembly are de-
scribed with the results of intermediate tests. The barrel service components were developed
and fabricated in parald so that a ow of detector modules, cooling loops, opto-harnesses and
Freguency-Scanning-Interferometry (FSI) alignment structures could be assembled onto the four
cylinders. Once nished, each cylinder was conveyed to the n ext site for the mounting of modules
to form acomplete single barrel. Extensive electrical and thermal function tests were carried out on
the completed single barrels. In the next stage, the four single barrels and thermal enclosures were
combined into the complete SCT barrel detector so that it could be integrated with the Transition
Radiation Tracker (TRT) barrel to form the central part of the ATLAS inner detector. Finaly, the
completed SCT barrel wastested together with the TRT barrel in noise tests and using cosmic rays.

KEYWORDS: Particle tracking detectors; Solid state detectors; Detector design and construction
technologies and materials; Large detector systems for particle and astroparticle physics.
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1. Introduction

The ATLAS [fl] SemiConductor Tracker (SCT) is part of the ATLAS inner detector system [,
Al, which provides charged-particle tracking in the centre of the ATLAS experiment. The inner
detector system (ID) consists of a hybrid-pixel detector in its centre, followed by the SCT silicon
strip detector and the gas straw-tube transition radiation tracker (TRT) surrounding the SCT. A
typical track will generate three measurements in the pixel detector, traverse eight silicon strip



Table 1. Layout parameters of the SCT barrel detector.

silicon area[m?] 34.4
number of layers 4 barrels
number of channel [10°] 3.2
number of modules 2112
intrinsic design resolution in sensor plane [um] 23
effective space-point Re resolution [um] 17
effective space-point z resolution [um] 580
pseudorapidity coverage jnj -1.3
radial coverage [mm] 29 <R< 514

detectors (to give four space-points) and 36 straw tubes. The ID sub-detectors act together to
provide tracking of charged particles for momentum measurement aswell as primary and secondary
vertex reconstruction in a pseudorapidity range of jnj < 2:5.

The entire tracker is surrounded by a solenoid, which provides a magnetic eld of 2 T. The
SCT consists of four concentric barrels for tracking at mid-rapidity and two end-caps which extend
tracking to the forward region. Each end-cap is comprised of nine disks surrounding the beam axis.
The overal layout parameters for the barrel are summarised in table[ll, with a schematic drawing
of the ATLAS inner detector showing the SCT barrels and end-capsin gure 1] The basic building
blocks of the SCT are the silicon strip modules for barrel and end-caps [f, f]. Each barrel module
consists of four silicon sensors [f]: two sensors on each side are daisy-chained to give 768 strips
of approximately 12 cm length and with a strip pitch of 80 um. A second pair of identical sensors
is glued back-to-back tothe rst pair at astereo angle of 40 m rad around a thermo-mechanical base
board [[f] to provide space-points. The module strips are read out by 12 radiation-hard ABCD3TA
front-end readout chips [B]. The readout ASIC's are integrated on amulti-layer Cu-polyimide ex
circuit [B] and are connected to the silicon strips by wire bonding. The ex circuit is mounted
above the silicon sensors of the barrel modules and at the end of the silicon sensors of the end-
cap modules. The hit information is binary : only the chann € address of a hit strip is read out
opticaly from each module side to the counting room; no analogue information of the signa is
provided during normal running. The intrinsic spatia resolution in the sensor plane orthogonal
to the strip direction is 23 um.? Using the hit information from each module side, a space-point
is constructed. The effective design measurement precision of the space-point measured per SCT
layer is 17 um in the Re-direction and 580 um aong the z-direction. The silicon sensors are
maintained at atemperature around 7 C to minimise the effect of radiation damage. Mechanical
and thermal performance parameters of barrel modules are summarised in [4].

The support structure of the SCT barrel consists of four concentric carbon- bre reinforced
plastic (CFRP) light-weight sandwich cylinders with integrated anges at both ends. The four
cylinders have 32, 40, 48 and 56 rows of 12 modules for barrels 3, 4, 5 and 6 respectively, with
barrel 3 being the innermost barrel and barrel 6 the outermost. The modules are fastened directly

1The pseudorapidity isdened as n = In[tan(6=2)], where 8 denote the relative anglergo the beam axis.
2Theintrinsic resolution with hinary readout is given through the strip pitch divided by © 12. A slight improvement
over thisintrinsic resolution can be expected for hits with charge sharing.
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Figure 1. Schematic drawing of one of the quadrants of the ATLAS inner detector and SCT barrel and
end-cap detectors.

via specia brackets to machined pads bonded to the outside surface of the cylinder. The cylinders
aso offer support for the cooling circuits (see section 8.2), the harnesses servicing each module
(see section[3.3) and the frequency scanning interferometry (FSI) position-monitoring system (see
section B.5). The full SCT barre! is enclosed in athermal enclosure (TE) (see section B.§), which
separates the cold, ambient environment of the SCT from the room-temperature environment of the
TRT. The TE also acts as a Faraday cage for the SCT barrel.

Every component of the SCT has to comply with stringent radiation hardness requirements.
For the expected 10 years' lifetime for silicon components, this is estimated to be 2 10 1-MeV
equivalent neutrons/cm? for non-ionising energy loss (NIEL) and 100 kGy(Si) of ionising energy
loss. As the non-ionising energy loss is dominated by charged hadrons (pions and protons) at
the radii of the SCT, many radiation-hardness tests were carried out at the CERN PS accel erator
up to a uence of 3 10 24-GeV protons/cm?. Furthermore, all components are required to be
non-magnetic asthe SCT islocated ina2 T magnetic eld.

Theintegration of the SCT barrel detector from single modules to the compl eted detector ready
for installation within the ATLAS experiment has the following mgjor steps:

1. Preparation of the four barrel support cylinders.
2. Assembly of services for cooling, FSI, powering and readout to the barrel support cylinder.

3. Mounting of modules to each barrel.



Test of each complete single barrel.
Assembly of the four single barrels into each other and the thermal enclosure (TE).

Insertion of the completed SCT barrel into the TRT barrel.

A L o

Final test of the SCT barrel inside the TRT barrel and a combined test SCT + TRT with
cosmic rays.

Details of assembly steps (1), (2) and (3) are summarised in section 3; steps (5) and (6) in
section 4. The testing carried out in steps (4) and (7) is described in sections 5 and 6 respectively.
Figure B shows a schematic ow chart of the assembly and integ ration process for the SCT barrel
detector. An explanation of commonly used acronyms is given in appendix Al

The barrdl support structures were prepared at the University of Geneva. Theindividual CFRP
cylinders complete with module supports were sent to RAL2 for service assembly to each barrel.
From there, the cylinder was transported to Oxford University where modules were mounted to
each cylinder to complete the single barrels. The single barrels where then transported to the CERN
inner detector integration facility located in the ATLAS surface building, CERN-SR1. Detailed
acceptance tests on single barrels were carried out in Oxford before transport and at CERN-SR1
after transport. After the completion of the tests, the four SCT barrels were assembled into each
other and the thermal enclosure in CERN-SR1. The last integration step in CERN-SR1 was the
insertion of the completed SCT barrel into the completed TRT barrel, and a combined test and
cosmic-ray run with the SCT and TRT barrels. Following the n al test of the combined SCT and
TRT barrel in the inner detector integration facility, the two sub-detector sections were transported
together to the experimental cavern. Once in the cavern, they were installed in the cryostat of the
ATLAS liquid-argon calorimeter [[J] as one physical object ready for cabling.

2. Material budget and barrel radiation length contributions

The performance requirements of the ATLAS inner detector are more stringent than any tracking
detector built so far for operation at a hadron collider. The con icting requirements of good me-
chanical stahility, low mass and, at the same time, high detector granularity with its associated
on-detector electronics, readout services and cooling within a small detector volume, make the
overall weight and materia budget (in terms of radiation length Xq and interaction length A;) much
larger than for previous tracking detectors.

A detailed simulation of the ID has been made. Figure [J shows a map of generated photon
conversion vertices in the ID volume for electrons with pr 0.5 GeV from photons originating at
the primary vertex in minimum bias events. The gure showsth elocation of conversions, integrated
over azimuth, with their radial (R) and axial (Z) coordinate. The integration over the top half of
the detector is displayed as positive radius, the integra tion over the bottom half is displayed as
negative radius. The gure corresponds to a sample of 500, 000 smulated events. The SCT
barrel and disk layers are clearly recognisable. It should be noted that many structural elements,
for example the end-plates of both the barrel and end-cap, are azimuthally discrete and have been
modelled accurately.

SRutherford Appleton Laboratory, Science and Technology Facilities Council, Didcot, OX11 0QX, UK.
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